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1ABSTRACT
The development of metastases represents the lethal event
in the clinical course of most neoplastic diseases. The complex
mechanisms responsible for the spread of cancer are governed by
interactions between the tumour and the host tissues. The first
step of metastasis is established by invasion of malignant cells
into the surrounding normal host tissue. Choriocarcinoma cell line
was mainly used for studying the interactions between the tumour
cells and normal tissues. Blood vessel walls, monolayers of
decidual cells, smooth muscle cells and fibroblasts were used as
substrates for tumour cells invasion. Our results showed that when
tumour cells were seeded onto endothelial cells of blood vessels,
there was always a retraction of endothelial cells leading to the
formation of craters. There craters were then occupied by tumour
cells. It seems likely that tumour cells produce a retractive
factor which induces the underlying normal cells to retract in
order to facilitate invasion by tumour cells. In an attempt to
elucidate this suggestion, conditioned medium of cultured
choriocarcinoma cells was injected into the peritoneal cavity of
mice. A contraction of the mesothelial cells was observed in these
mice as compared with the control fresh medium. A possible
deduction is that choriocarcinoma cells produced a retractive
factor which caused the mesothelial cells to contract. Under the
2TEM, the choriocarcinoma cells 'lifted' the endothelial cells and
migrated underneath the endothelial layer by means of pseudopods.
The appearance of degenerated endothelial cell fragments
phagocytosed by the tumour cells indicates that enzymatic
degradation may be involved. The invasion of tumour cells involves
not only enzyme degradations, but also pseudopod-directed cellular
locomotion, a change of shape of tumour cell and the possibility of
the secretion of a 'retractive factor'. A prelimmary study on the
effects of some multi- cytoskeletal drugs was also conducted. It
seems that the mechanisms of tumour cell invasion may not only
involve a single factor or one structure, but multifactorial and
many structures.
I. INTRODUCTION
Invasion and metastasis of cancer cells are complex
multistep processes of profound clinical importance and the major
cause of cancer treatment failure is metastasis. The most
important properties that separate malignant cells from their
benign counterparts are unrestrained cell replication and the
ability to invade and metastasize. The metastatic potential of
cancer cells is determined by numerous cellular and host factors
which participate in this complex process (Unnur et al.,1985).
How do metastatic tumour cells develop? Metastatic
tumour cells cannot perform physiological functions for which
there is not an equivalent in a normal cell. Lymphocytes,
monocytes, and polymorphonuclear neutrophils are all capable of
invading tissues in large numbers and accumulating at
inflammatory sites. The potential ability for a cell to migrate
is encoded in the genome and can be re-expressed under unusual
circumstances. A tumour cell must complete a series of steps
between leaving the primary tumour and establishing sufficient
growth at a distant site to develop a clinically significant or
detectable metastasis. It is generally accepted that tumour cells
must be capable of performing a myriad of physiological feats
before establishing successful metastases (Fidler et al.,1982).
These include: (1) separation from the primary tumour mass; (2)
local invasion through the local tumour and normal tissue matrix;
(3) penetration of a blood or lymphatic vessel wall; (4) survival
in the circulation; (5) 'binding' to the capillary endothelium of
the 'target' tissue; (6) initiation of platelet aggregation; (7)
penetration of the capillary wall; (8) invasion of local tissues;
and (9) proliferation. Successful completion of these steps
produces a metastasis, but a cell must have special properties
and the right circumstances to survive this process.
Normal cells are influenced by the surrounding cells
such that their growth characteristics are determined to a great
degree, by immediately adjacent cells. Control is apparently
mediated via the cell membrane, referred to as contact inhibition
(Abercrombie Heaysman,1954). Contact inhibition prevents
overgrowth of a normal cell population. The cell membrane also
provides cohesiveness between normal cells to prevent their
separation. Benign tumours appear to lack contact inhibition but
are cohesive, while malignant tumours lack both contact inhibi¬
tion and cohesiveness. This lack of cohesiveness permits isolated
cells to leave the main body of the tumour and metastasize to a
distant location. The lack of contact inhibition and cohesiveness
is assumed secondary to abnormal electrical charges within the
cell wall of malignant tumour cells (Clark et al.,19 79). Once
separated from the primary tumour, the malignant cells are
capable of transversing the surrounding tissue by destroying
connective tissue through the use of degradative enzymes. The
malignant cell produces hydrolase, cathepsin D, and proteases,
which destroy the surrounding tissue and create a pathway for
local invasion of tissue by the tumour cells. (Fidler et
al.,1978). They may cross the vessel wall through the defects in
the endothelium and basement membrane and the proteolytic enzymes
produced by the tumour cells are capable of destroying the vessel
wall, allowing them access to the inside of the vessel (Fidler et
al.,1978; Roos et al.,1979).
The mechanism by which a malignant tumour cell
establishes a metastatic focus is a complex process requiring the
successful completion of a series of steps. In the present study,
a choriocarcinoma was mainly used as a model for tumour cell
invasion. A choriocarcinoma has several unique properties, one of
which is a rapid hematogenous metastasis. As the first tissue for
choriocarcinoma cells to invade is decidual cells, we developed
a monolayer of decidual cells and used it for invasive studies.
In addition, the interaction between choriocarcinoma and
monolayers of smooth muscle cells have also been studied. After
the tumour cell detaches from the primany tumour and invades
through the surrounding normal host tissue, it can enter the
vascular pathways. Therefore, the organ culture of vessels walls
has been established for studying the interaction between tumour
cells and vessel walls. The ultrastructural features and the
biological properties used to characterize the carcinoma cell and
ves sel
walls are described. The present study is limited to the
morphogical aspects of tumour cell invasion. Previous results
have suggested that tumour cells produce a retractive factor
which induces the underlying normal cells to retract especially
at their intercellular junctions in order to facilitate invasion
by tumuor cells (Chew et al.,1984). To verify this, the
conditioned medium of cultured chorio- carcinoma cells was
injected into the peritoneal cavity of mice to observe the
response of the mesothelial cells. A preliminary study on the




Choriocarcinoma may follow any type of pregnancy,
orthotopic or ectopic, and may appear at any time after
conception, possibly ab initio or as long after a term pregnancy
as 34 years (Coppleson, 1981).
The occurrence of choriocarcinoma has an uneven
geographical distribution in the world. The highest frequency is
in the tropical and subtropical areas though the incidence is
unusually high in Taiwan, Hong Kong and Japan. Recent
epidemiological data (Sheldon et al., 19 85) show that gestational
choriocarinoma occurs in 1:634 pregnancies in Korea; 1:4,298
deliveries in Singapore; 1:40,000 term pregnancies in the United
States; and 1:77,000 births and abortions in Sweden. There is an
important distinction to be made between gestational
choriocarcinoma arising in women after a pregnancy (normal 25%,
abortion 25%, ectopic or molar pregnancy 50%) and the
nongestational choriocarcinoma arising in patients of both sexes,
as a germ cell tumor usually admixed with other germ cell tumor
variants such as seminoma, embryonal carcinoma or teratoma. The
gestational choriocarcinoma may arise in a very early pregnancy,
even at the moment of implantation.
There is evidence of a general association of
choriocarcinoma with ABO blood group compatibility of
reproductive partners, especially with matings of Group A women
and Group 0 men (Sheldon et al.,1985).
2.1.2 GROSS PATHOLOGY
Grossly, choriocarcinoma most frequently presents as a
somewhat circumscribed, raised nodular tumour of dark reddish,
hemorrhagic appearance (Novak and Woodruff,1966), involving some
portion of the uterine fundus. Less often it is rather diffuse
and only slightly raised above the surface, and in rare cases it
may be distinctly polypoid. The hemorrhagic tendency in such
tumours makes them often resemble old hematomas. If is important,
however, to remember that the tumour frequently develops in the
uterine wall beneath the surface, which may be quite intact. This
is one of the reasons why diagnostic curettage may be misleading.
As the disease advances, the surface may show necrosis and
ulceration, whereas in the other direction, the lesion may
penetrate the uterine wall or vagina, and infiltrate the
parametrium and broad ligments. When, as is so commonly the case,
the disease follows a hydatidiform mole, masses of vesicular
tissue may still be present in various parts of the uterine wall,
especially in the earlier stages of the disease (Novak et al.,
1966).
2.1.3. HISTOLOGY
Histologically choriocarcinoma shows a diffuse invasion
of maternal tissue by trophoblastic cells, without any chorionic
villi present. The chorionic villi are absent because the
trophoblast grows in such extensive columns and masses as to
completely obliterate the original villous pattern (Novak and
Woodruff, 1966).
It is appropriate to note that choriocarcinoma is a
tumour not of the uterus but of the embryonic chorion, the uterus
being only secondarily involved through the local invasion of the
tumour. The maternal tissues surrounding the tumour are necrotic
and haemorrhagic. The trophoblastic cells show various degrees
of dedifferentiation with extreme nuclear and cytoplasmic
pleomorphism. Giant multinucleated cells are highly character¬
istic. The tumour tissue invades the maternal host tissue in
broad sheets and has a marked propensity for blood vessels.
In metastatic as well as in primary sites, choriocarcinoma is
surrounded by haemorrhage and necrosis. Zones of
cytotrophoblastic cells and syncytiotrophoblastic cells may be
reminiscent of the normal early implantation site, except for the
lack of direction which is always present in the normally invad¬
ing early trophoblast. The human chorionic gonadotropin (HCG)
levels are persistently and markedly elevated (Sheldon et
al. ,19 85).
2.1.4 MALIGNANCY OF CHORIOCARCINOMA
Choriocarcinoma is probably looked upon as one of the
most highly malignant of all pelvic neoplasms, although the use
of the newer chemotherapeutic drugs has drastically reduced the
extremely high mortality rate. In any case, accurate assessment
of the degree of malignancy of trophoblastic disease has always
been confused by reports of many supposed cures in cases in which
the diagnosis was obviously incorrect.
In the prechemotherapeutic era, surgical treatment of
choriocarcinoma produced less than 20 per cent 5 year survival.
In spite of the high degree of malignancy of these tumours, there
is apparently general agreement that in a small proportion,less
then 10 per cent, spontaneous regression and cure is noted not
only in the primary tumour but also in metastases. A considerable
number of cases has been reported in which the primary tumour had
completely disappeared, with death occurring from the metastases.
Other cases have been recorded in which, after incomplete
operation, or even without operation, the disease disappeared
spontaneously, even though vaginal or other matastases had
appeared. The probable explanation seems to lie in some unknown
factor of general body resistance to the progress of the disease.
That such an immune respone to trophoblastic growth must be
present to at least a limited degree seems to be indicated by the
spontaneous regression of the trophoblastic islands found in the
lungs of many pregnant women. Whatever the cause, regression of
any type of trophoblastic disease seems to occur spontaneously on
occasions.
The invaded host is a pregnant woman with a depressed
and or modified immunocompetence capable of fighting the
invading tumor in a special way. It should be mentioned by
contrast with the nongestational choriocarcinoma, that 5-10 per
cent of gestational choriocarcinomas are spontaneously
self-healing, and with chemotherapy, the vast majority of cases
are completely cured. It would be difficult to comprehend this
very special biological behavior without considering the host
factors, which are indeed incompletely understood, despite
extensive recent studies. The fact that patients with
choriocarcinoma have an impaired rejection against their husbands
skin grafts seems to be significant in this respect. Gestational
choriocarcinoma is a tumour growing into an immunologically
deprived host with a breakdown of both local and systemic defense
mechanisms. This may explain why the deported trophoblastic
tissue which, even in normal and frequently in molar pregnancies,
circulates freely in the maternal venous blood stream and lungs
without settling in distant organs, develop metastases in
choriocarcinoma (Sheldron et al.,1985)
The excellent response to chemotherapy in gestational
trophoblastic disease is due not only to the direct cytotoxic
effect, but to some kind of enhancement of the host's defense
mechanisms by this primitive tumor tissue. Certain morphological
characteristics of gestational trophoblastic neoplasias including
factors of both tumour virulence and host response were found to
correlate with response to chemotherapy. Some morphological
characteristics seemed to be more relevant to the biological of
these tumours.
In the cases in which chemotherapy failed, the
histological structure revealed a predominantly cytotrophoblastic
component and a proliferation in solid sheets. The histological
pattern showing a plexiform network of syncytiotrophoblastic
elements with multiple clustered nuclei was associated with
prompt and favorable effects of single course-single agent
chemotherapy. The presence of Nitabuch's or Rohr's striae (the
acellular layer composed of fibrin and glycoproteins) at the
tumour-host interface was also found to correlate with a
favorable response to chemotherapy while its absence was almost
pathognomonic of failure (Sheldon et al.,19 85). The presence of
lymphocytes at the interface of trophoblastic and maternal tissue
was a finding which correlated well with a favorable response to
chemotherapy. Patients who died of overwhelming trophoblastic
tumour and in whom even multiple chemotherapy had failed
completely, had no lymphocytic infiltrates at the tumour-maternal
tissue inferface and also had a profound lymphopenia in their
peripheral blood.
Malignant tumours display varing degress of anaplastic
cellular features which represent dedifferentiation of the
structures in which they arise, from a mature functionally
adapted state to an immature, primitive state. The production of
carcino-embryonic antigen (CEA) and alpha fetal protein (AFP) by
various malignant tumours represents substances which are
normally secreted by somatic embryonal or fetal structures. The
production of HCG is a further step backwards to the most
primitive embryonal structure, the trophoblast, seen in the early
conceptus before the somatic development even started. Production
of HCG was documented in a vast number of malignant tumours
arising in various tissues in the body (mostly bronchial, GI
tract, hepatic), and potentially in all anaplastic malignancies.
In choriocarcinoma, a malignant tumour arising in a tissue which
normally secrets HCG, the titers may reach extremely high value!
and represent a tumour marker. Recently the participation of som
lytic enzymes such as collagenase, plasminogen activator, anc
cathepsin B secreted by the malignant cells has been considerec
to have an important role in tumour cell invasion (Liotta et
al.,1983). However, correlation between the activities of thes
lytic enzymes and the metastatic potential of the malignant cells
has not been confirmed (Lowe et al.,1984). Sekeya and his
associates (1985) found that the invasive potential of
choriocarcinoma cell lines correlated well with the amount of
collagenase secreted by the cells. Laminin, a glycoprotein
component of basement membrane,is synthesized and secreted in
culture by a human malignant cell line (JAR) derived from
gestational choriocarcinoma. Mature laminin that contains complex
oligosaccharides does not accumulate intracellularly but is
rapidly externalized upon completion, being either secreted into
the culture medium (25%) or associated with the cell surface
(75%) (Barry et al.,1985).
Lurain et al.,(1982) have reviewed the records of the
339 patients admitted to the trophoblastic disease center at
Northwestern University USA during 1962 to 1978 for treatment of
invasive mole or choriocarcinoma and found that 48 (12%) died.
These 48 were between the ages of 14 to 59 years (mean,29 years).
All had histologically documented choriocarcinoma and elevated
levels of HCG. Failure to cure patients with gastational
trophoblastic disease is mainly due to the presence of extensive
disease at the time of initial treatment, lack of initial,
appropriately aggressive treatment in high-risk patients, and
failure of the commonly used chemotherapy protocols to control
advanced disease (John et al.,1982). Deaths from gestational
trophoblastic disease are unusual nowadays. This same report
indicates that prognosis was influenced by type of antecedent
pregnancy (term gestation, spontaneous abortion, and ectopic
pregnancy are worse than hydatidiforra mole), length of time until
diagnosis, and pretreatment HCG titer. The most frequent causes
of death were pulmonary insufficiency because of metastasis to
the lungs, haemorrhage etc. It seems clear that the key to
lowering death rates further rests with earlier diagnosis and
t reat ment.
2.2 BLOOD VESSEL STRUCTURE
2.2.1 Normal histology of artery
All arteries show a common pattern of organization, the
walls of arteries consisting of three coats (tunics): 1) intima;
2) media; 3) adventitia.
The tunica intima is composed of an innermost lining of
endothelial cells, a thin layer of su bendothelial connective
tissue, and an internal elastic membrane. The endothelial cells
are polygonal, round, or flat, with the nucleus causing a local
luminal protrusion of the cell. Several processes project from
the luminal surface. Some of these resemble microvilli, while
others are leaf-like. The base of the cell has many small,
branching, foot-like processes, descending into the su bendothe¬
lial connective tissue. The cells are held together by junctional
complexes, usually with a gap-junction near the lumen. There are
numerous surface vesicles attached to all parts of the cell
membrane. The cytoplasm contains a small Golgi zone, a limited
number of small mitochondria, and a varied number of specific
granules. They are bounded by a trilaminar membrane and have a
finely granular, dense matrix in which varied numbers of
microtubules are often embedded. Although it has been suggested
that the granules may contain a procoagulative substance which
becomes discharged into the vascular lumen in response to high
plasma concentrations of epinephrine, the function of this
specific endothelial structure has not been determined.The cells
also contain a varied number of cytoplasmic filaments, often
arranged in bundles. A thin basement membrane separates the
endothelial cells from the underlying thin intermediate layer of
connective tissue which often contains small bundles of
longitudinally arranged smooth muscle cells in addition to
branched fibroblast-like cells and a network of fine collagenous
and elastic microfibrils (Rhodin, 1976).
The tunica media is composed of alternating layers of
concentric elastic membranes and smooth muscle cells, while the
tunica adventitia consists of fibrous connective tissue with an
external elastic membrane forming the border between media and
adventitia. The tunica media consists of fenestrated elastic
membranes, arranged concentrically which are composed of a
central amorphous substance, and peripherally arranged elastic
microfibrils. The space between the elastic membranes is occupied
by relatively short, spindle-shaped smooth muscle cells provided
with numerous short cytoplasmic branches, attached to and
embedded into the elastic membranes. The smooth muscle cells are
arranged spirally around the lumen, their ends making membranous
contacts. The number of smooth muscle cells per square unit is
smaller in elastic arteries than in muscular arteries. Scattered
delicate elastic fibrils and small collagenous fibers occur in
between and surrounding the smooth muscle cells. In addition to
an amorphous, basophilic (metachromatic) ground substance rich in
mucopolysaccharides is also present.
The adventitia also contains small blood vessels, vasa
vasorum, lymphatic vessels, and nerves. Elastic arteries have a
large diameter and so do not vary greatly in size. The adventitia
of elastic arteries is extremely thin. It consists of bundles of
collagenous and elastic fibrils pursuing a spiral or longitudinal
course. A distinct external elastic membrane is missing. The
adventitia merges with adjacent tissue and contains small blood
vessels and lymphatic vessels as well as myelinated and
non-myelinated nerves (Rhodin, 19 76).
2.2.2 Extracellular matrix
The extracellular matrix consists of a mixture of
soluble and insoluble cross-linked macromolecules produced by
specialized cell types. There are four major groups of proteins,
which together constitute the extracellular matrix:
glycoproteins, proteoglycans, collagens and elastin( Jones,
1982).
Glycoproteins are major constituents of the connective
tissue matrix. They are tightly bound to collagen, elastin and
proteoglycans. The properties of some of the glycoproteins have
attracted recent interest because of their roles in the stability
and organization of the matrix and in promoting cell adhesion.
The components of glycoproteins are fibronectin, laminin,
chondronectin, osteonectin etc. Fibronectin has been found on the
surfaces of many cells including endothelial cells (Jaffe et
al.,1978), fibroblasts (Bornstein et al.,19 77), certain
epithelial cells (Smith et al.,19 79), in extracellular matrices
(Chen et al.,1978) and in human solid tumours (Stenman et al.,
1981). Fibronectin has several specific domains in the molecule
which bind to other macromolecules, including fibrin, collagen,
gelatin, heparin and actin (Engvall et al.,19 77; Hahn et
al.,1979). There also appears to be a specific domain within the
molecule to which cell membranes may bind (Pearlstein et
al.,1981). Several functions have been proposed for fibronectin
including cell-cell aggregation, cell-su bstrate adhesiveness,
reversion of the transformed phenotype, cell motility,
phagocytosis, cytoskeletal organization and arrangement of actin
bundles (Yamada et al.,19 78; Klainman et al.,19 81). Laminin is a
highly insoluble glycoprotein. It is present in most basement
membranes and is confined to the lamina lucida (Foidart et
al.,1980) It is synthesized by cultured endothelial cells
(Foidart et al.,19 80; Gospoderowiz et al.,19 81) and also certain
tumour cells, e.g. choriocarcinoma. It preferentially binds to
type IV collagen and the fact that it potentiates the adhesion of
epithelial or carcinoma cells to collagen (Terranova et al.,19 80)
are suggestive of a role in anchoring cells to the collagenous
components of basement membranes.
Proteoglycans mainly consist of glycosamino- glycans,
core protein and link protein etc (Jones, 19 82). Heparin sulfate
is essentially a cell-surface-associated glycosamino- glycan also
found in basement membranes.
There are two major classes of collagen isotypes, the
interstitial collagens, types I, II and III, and the basement
membrane collagens, types IV and V. Type IV collagen is the major
collagenous component of certain basement membranes and is
localized to the lamina densa region in contrast to the laminin
which is mainly found in the lamina lucida region (Foidart et
al.,1980). Type V collagen was originally obtained from
epithelial and smooth muscle basement membranes. Both types IV
and V collagens have been shown to be the major isotypes produced
by cultured endothelial cells (Sage et al., 19 79).
2.3 DECIDUAL CELLS
The human decidua is composed of a variety of cell
types, one of which, the decidual cell, is thought to arise via
differentiation of endometrial stromal cells late in the
secretory phase of the menstrual cycle and to persist throughout
pregnancy (Damjanov et al.,1985). Decidual cells are described as
large, epit h elial-lik e, polyhedral cells. Their cytoplasm
contains numerous free ribosomes, many profiles of granular
endoplasmic reticulum, and varied amounts of glycogen. The cells
aggregate in large sheets around the coiled arterioles of the
endometrium and beneath the surface epithelium. They develop
further to form the decidua basalis in the event that an ovum is
fertilized and implanted, and a placenta is formed. Other stromal
cells present during this phase are lymphocytes, macrophages,
monocytes, and the occasional polymorphonuclear leukocyte
(Rhodin, 1976).
Stromal cells in the proliferative phase are devoid of
pericellular laminin immunoreactivity, whereas in the secretory
phase they gradually attain more and more laminin.
Decidualization is associated with pericellular basement membrane
production not only in man but most likely in all other placental
mammals as well. It has been shown that mouse decidual tissue is
rich in laminin (Wan et al.,1983; Wu et al.,1983). Besides
laminin, human prolactin is also synthesized by decidual
tissue,specifically secreted by decidual cells (Braverman et al.,
1984).
A massive network of fibrillar surface fibronectin was
detected by indirect immunofluorescence staining of the cultured
cells (Hochner, 1984). The production of prolactin and
prostaglandins together with the secretion of fibronectin may
play a role in the implantation and subsequent growth of the
embryo (Denker, 1980; Braverman et al.,1984; Hochn e r, 19 84).
2.4 TUMOUR CELL INVASION AND METASTASES
2.4.1 Clinical features
The development of metastases represents the lethal
event in the clinical course of most neoplastic diseases. While
primary tumours can be surgically resected or irradiated, it is
usually difficult to use these therapeutic modalities against
disseminated cancer without severely damaging normal tissues.
Metastasis thus represents a critical challenge to the therapy of
cancer, and because of its lethality, a major focus for basic
cancer research over the past decades (Frost et al.,1986).
Metastasis is not a property of the original few cells
which have undergone malignant change, instead it is an attribute
that is expressed by cells after the development of the
neoplastic mass (Pierce et al.,1978).
Statistics are available on the frequency of metastatic
sites for every kind of tumour. For example, adenocarcinoma of
the breast metastasizes most frequently to regional lymph nodes,
then to lungs, liver, bones, adrenals, and ovaries, while
adenocarcinomas of the stomach metastasize to regional lymph
nodes, then to liver and lung. It is not uncommon for malignant
cells of adenocarcinomas of the stomach to invade the stomach
wall and seed the peritoneal cavity with the formation of an
ascites. Choriocarcinoma is one of the most rapidly invasive,
widely metastasizing malignancies and is virtually 100% fatal if
not treated. In choriocarcinoma, death occurs with widespread
malignant dissemination within four to six months, the lungs,
brain, liver and vagina being favored sites of involvement by
hematogenous spread (Robbins, 1966). Adenocarcinomas of the
prostate have a predilection for metastasis to bone, particularly
vertebrae. This is probably due to the fact that venules draining
the vertebral column anastomose with those draining the prostate.
Normally blood flows from the spine towards the heart, but when
intra-abdominal pressure is raised by lifting or straining, the
flow is reversed and malignant cells may be carried from the
prostate into the spine. Lung cancers frequently enough
metastasize to the brain so that patients with signs of a brain
tumour are evaluated to rule out a metastasis from the lung. This
propensity of tumours for metastasizing to certain organs has
long been recognized. Paget likened the metastasizing tumour
cells to seeds and the recipient organs to soil and suggested
that certain kinds of seeds require a particular soil for
successful growth (Willis, 1973). Unfortunately, it is not
uncommon for a primary tumour to be first recognized as a result
of disease produced by its metastasis.
2.4.2 Mechanisms of tumour invasion and metastases
The complex mechanisms responsible for the spread oJ
cancer are governed by interactions between the tumour and the
host tissues. It is generally accepted that tumour cells must be
capable of performing a myriad of physiological feats before
establishing successful metastases (Fidler et al.,1982). These
include: (1) separation from the primary tumour mass; (2) loca]
invasion through the local tumour and normal tissue matrix; (3)
penetration of a blood or lymphatic vessel wall; (4) survival in
the circulation; (5) 'Binding'to the capillary endothelium of the
'target' tissue; (6) initiation of platelet aggregation; (7)
penetration fo the capillary wall; (8) invasion of local tissues;
and (9) proliferation.
Tumour invasion is frequently seen as a direct extension
of the cell penetration into the host parenchyma. Strauli and
Weiss (1977) suggest that movement might be mediated by motility
of individual cells or groups of cells at the advancing edge of
tumour protrusions. Once separated from the primary tumour, the
malignant cells are capable of traversing the surrounding tissue
by destroying connective tissue through the use of degradative
enzymes. The malignant cell produces hydrolase, cathepsin D, and
proteases, which destroy the surrounding tissue and open up a
pathway for local invasion of tissue by the tumour cells (Fidler,
1978; Fidler et al.,1978). The tumour cells may penetrate as
either single cells or small cell clumps into blood vessels or
the lymphatic system, where they may be transported to
distant sites. The arrest of these cells in organs may be
influenced by the formation of tumour emboli as a result of
self-aggregation andor interaction with circulating host cells
(Fidler ,19 73; Raz et al.,1981). The site of arrest and
subsequent proliferation of the tumour cells may be either
specific or nonspecific. The notion of site-specific metastatic
spread stems from observations of a nonrandom distribution
pattern of metastases and from the presence of tumour cell
variants exhibiting preferential colonization in specific organs
(Fidler et al.,1976; Raz et al.,1980; Shearman et al.,1981).
Specific tumour cell arrest presumably depends on the
interactions of tumour cells with the capillary endothelium or
with exposed basement membranes and intercellular matrices
(Nicolson et al.,1981) and the attachment of an extravascular
position is believed to involve an active locomotion similar to
that responsible for the initial invasion into the blood vessel.
Sarcomas disseminate predominantly by the blood stream, and
melanomas, neuroblastomas and malignant teratomas spread almost
equally in the blood and lymphatic systems. Blood dissemination
is an important and often underestimated metastatic route for
carcinomas, even though lymphatic spread predominates in many
instances (Carter, 1982).
Malignant cells enter the circulation by invading blood
vessels situated either within the substance of the main tumour
mass or near its advancing edge. The vasculature of tumours
originates from pre-existing vessels in the tissue of origin and
from newly formed vessels derived from them. The stimuli for
angioneogenesis within tumours are unclear, but they are likely
to stem from host sources (especially local lymphocytes) as well
as from the neoplastic cells themselves (Gu llino, 19 81). Such
vessels are extensive and often imperfectly formed with irregular
lumina, discontinuous and sometimes abnormal endothelium,
defective basement membrane and (in larger vessels) scanty or
absent perivascular connective tissue. Tumour cells which are
free in the circulation have been extensively studied, but to
little ultimate benefit (Salsbury, 1975). Most of the work can be
criticized for inadequate attention to technical details (number
and size of blood samples, their timing, sites of venepuncture,
choice and methods of cell concentration) and to the criteria for
identification of malignant cells in cytological preparations.
Some quantitative data on the release of cells into the
circulation from transplanted tumours are available from studies
in mice (Liotta et al.,1974) and rats (Butler et al.,1975), and
extensive work has been done on the fate of tumour cells injected
intravenously in experimental animals (Fidler, 1 9 70). Such
manoeuvres are convenient but artificial, in that they by-pass
the essential phase of vascular invasion, and extrapolation of
results to the metastatic process as it really exists is often
q ues tionable.
The morphological changes which ensue when tumour cells
are arrested in the circulation were meticulously described in
both clinical and experimental material in the early part of this
century. In brief, tumour cell emboli in small vessels of the
lung, liver and other tissues stick to vascular endothelium where
they are covered by fresh thrombus. Some tumour cells grow
progessively, filling the lumen and eventually escaping out into
the extravascular compartment. Some of the mechanisms whereby
tumour cells escape from blood vessels have recently been
investigated with In vitro systems. Bovine aortic endothelium,
which also synthesises basement membrane components, provides a
useful substrate. Arrest of tumour cells in a blood vessel or
damage by tumour cells to the endothelial lining has often been
observed (Song et al.,1986). In general, epithelial and
connective tissue cells adhere well to endothelial cell
monolayers, a few lymphoid cells are adherent, while platelets
were non-adherent. Malignant cells of varying metastatic
potentials attach rapidly to endothelial cell monolayers and
quickly invade. Nicolson (19 82) found that the majority of the
cells seeded onto endothelial cell monolayers attached at or near
junctional regions between adjacent endothelial cells (Kramer and
Nicolson, 1979,1981). Cells that were capable of adhering to the
endothelial monolayer in most cases stimulated retraction. This
was defined as the breaking of intercellular junctions between
endothelial cells, a retraction of the endothelial cell edges,
and subsequent cell rounding with concomitant exposure of the
underlying basement membrane. Cells that were added and were
capable of inducing retraction, generally moved to the surface of
the basement membrane by extending cell processes and forming
strong adhesive interactions with matrix components (Kramer et
al.,1980).
From measurements of the forces required to separate
pairs of normal epidermal and squamous carcinoma cells. Coman
(1944) concluded that malignant cells possessed reduced mutal
adhesiveness compared with normal cells. He suggested that such
reduced adhesiveness might facilitate the cells' ability to
invade and form metastases. Later investigators confirmed these
observations by measuring the number of separated cells obtained
from fragments of normal and tumour tissues subjected to more
rigorously standardized conditions of agitation and aspiration.
Coman (1944) also proposed that there was a decrease in the
calcium content of normal epithelium following exposure to
chemical carcinogens. Calcium is certainly involved in the
establishment and maintanence of adhesion between cells, where it
may act by reducing electrostatic repulsion, by taking part in
cross-links between cells, or by influencing the formation and
activity of the microfibrillar and microtubular structures
involved in cell locomotion. However there are several problems
of interpretation here. Estimates of the calcium content of
tumours are difficult to evaluate because of the high
calcium-binding capacity of necrotic tissue not infrequently
encountered in tumours. In addition, measurements of the
calcium-binding capacity of the surfaces of normal and neoplastic
cells have so far failed to reveal any significant difference
between them (Patinkin et al., 19 70) and, in any case, such
measurements provide only an average for the entire cell surface.
There is increasing evidence that surface groups and specific
receptors may not be randomly distributed over the surfaces of
cells, so the pattern of surface distribution of calcium
involved in adhesion need not necessarily reflect the total
quantity present. The role of calcium in the reduced mutual
adhesion of tumour cells thus remains uncertain. Electron
microscopic examination of neoplasms has provided detailed
morphological evidence of deficient contacts between the tumour
cells compared with their corresponding normal cells of origin.
Martinez-Palomo (1970) and others have found a decrease in gap
and tight junctions (regions of strong adhesion) in tumours. Such
decreases have been detected in human cervical epithelium well
before malignant epithelium has invaded the underlying connective
tissue (MuNutt et al.,1970)- suggesting that such deficiencies
may be important in permitting the diffuse infiltrating invasion
characteristic of these tumours. However, there are no
specialized adhesive junctions found between carcinoma cells and
mesenchymal cells (Tickle et al.,1978).
Studies with various cell types, either normal or
malignant, have demonstrated a much faster and firmer cell
attachment to the subendothelial matrix than to an intact
vascular endothelial cell monolayer (Kramer et al.,1980;
Vlodavsky et al.,1982; Nicolson et al.,1981). A similar behavior
was observed in the present study with anchorage-independent
lymphoma cells. The low adhesiveness of the vascular endothelium,
regardless of the cell type tested and as compared to its
underlying basement membrane, may thus fulfill a protective role
in preventing circulating tumour cells from endothelial cell
adhesion and subsequent invasion. This inherent property of the
vascular lining is due to its polar and unidirectional secretion
of extracellular material exclusively beneath the cell layer
(Vlodavsky et al.,19 80). Consequently, the vascular endothelium
forms a confluent cell monolayer whose apical surface lacks
adhesive proteins such as collagen, fibronectin (Vlodavsky et
aL, 1980) and laminin (Gospodarowicz et al.,19 81) and is thereby
nonthrombogenic (Vlodavsky et al.,19 80). The low adhesiveness of
vascular endothelium as compared to its underlying basement
membrane has been best demonstrated when tumour cell attachment
was studied while gently shaking culture dishes in order to
better resemble the in vivo situation of blood flow and shear
force (Vlodavsky et al.,1980). Under this condition, there was an
almost complete inhibition of lymphoma cell attachment to the
endothelial lining. These results demonstrate that both the low
adhesiveness of the vascular endothelium and the dynamics of
blood flow greatly reduce the chances of a successful tumour to
endothelial cell attachment and subsequent extravasation. Tumour
cell attachment and invasion are expected to occur primarily in
areas where the endothelial lining is injured or disturbed so as
to expose the subendothelial basement membrane (Vlodavsky et
al.,1983). Furthermore, endothelial damage leads to platelet
adherence and the resulting platelet degranulation causes further
retraction of endothelial cells. Tumour cells clumped with
platelets may then attach firmly to these areas of endothelial
retraction (Gasic et al.,1973). However, Starkey et al (1984)
found that the presence of polymorphonuclear leukocytes or
activated macrophages led to a considerable increase in the
number of tumour cells attaching to endothelial cell monolayers
in vitro. The presence of T or B lymphocytes from either normal
or tumour-bearing rats was without effect on tumour attachment to
endothelium. Increased tumour cell retention in the lungs was
evident for mixed spheroids containing tumour cells and
polymorphonuclear leukocytes compared to homotypic tumour
spheroids composed of tumour cells alone. Furthermore,
preinjection of polymorphonuclear leukocytes intravascularly or
inoculation of tumour cells as heterotypic spheroids containing
polymorphonuclear leukocytes increased lung colony formation over
that obtained after inoculation of tumour cells alone. Several
simple sugars were tested for their ability to block tumour
cells, polymorphonuclear leukocytes or activated macrophages
binding to endothelium iji vitro. The results indicate that the
glycosylated cell surface components mediating tumour cell
attachment to endothelium are not identical with those mediating
attachment of either polymorphonuclear leukocytes or activated
macrophages. Medium conditioned during mixed spheroid formation
was without effect on tumour cell attachment to endothelium. They
concluded that the presence of some, but not all classes of
leukocytes can modulate tumour cell attachment to vascular
endothelium, an effect most likely mediated by a mechanism
involving direct contact between the leukocytes and the
endothelial cell monolayer.
It seems that tumour cell attachment may be mediated by
specific glycoproteins such as laminin or fibronectin. Laminin, a
major glycoprotein of basement membrane, plays an important role
in the interaction of tumour cells with the basement membrane.
Laminin binding to the surface of cells can be mediated by
specific high affinity receptors (Horan et al.,1985; Liotta et
al.,1985). Tumour cells attached via cell surface receptors which
specifically bind to components of the matrix such as fibronectin
(for the stroma) and laminin (for the basement membrane) (Kramer
et al.,1980). The glycoprotein, fibronectin, has been implicated
as a key ligand in cell-substratum attachment. Numerous reports
have appeared describing increased cell adhesion occurring in
vitro in the presence of fibronectin. Thus, when it was
discovered that many transformed cell lines and solid tumours
lacked cell surface fibronectin, the hypothesis was advanced that
the loss of fibronectin allowed tumour cells to metastasize as
there was no anchoring mechanism available to retain them in the
tumour matrix (Vaheri et al.,19 75; Stenman et al.,1981;
Rajarmaman et al.,1982). In support of this hypothesis, data were
published correlating the loss of cell surface fibronectin with
the increased metastatic potential of tumours. Cell attachment to
plastic surfaces was increased in cells to which fibronectin was
attached. The fibronectin crosslinked to cell surfaces in these
experiments did retain one component of its biological activity-
the promotion of cell attachment (Bowersox et al.,19 85). Laminin
has been shown to regulate a variety of biological phenomena
including cell attachment, growth, morphology, and cell migration
(Terranova et al.,1980; Grover et al.,1983; McCarthy et
al.,1983). Laminin is also found in conjunction with type IV
collagen in all basement membranes (Foidart et al.,1980).
Terranova (1980) also showed that laminin has been shown to bind
specifically to type IV collagen and mediate cell attachment to
this collagen. The association and binding of laminin to
glycosaminoglycans has also been observed. It has been shown to
serve as an attachment factor for several types of cells
including metastastic tumour cells (Terranova et al.,1980).
Utilizing high and low malignant cell lines isolated from murine
tumour cells induced with 3-methylcholanthrene, Varani (1983) and
McCoy (1984) observed that the highly malignant cell lines
expressed endogenous laminin-like antigens on the surface while
low-malignant cells isolated from the same tumour did not have
detectable quantities of this material. This suggests that, in
this model, the depression of endogenous laminin on the cell
surface rather than the availability of laminin receptors
correlates with metastatic potential. However, these studies did
not directly examine the role of laminin in promoting tumour
metastasis. Malinoff et al.,(1984) have attempted to clarify this
issue by examining the effect of laminin on tumour metastasis.
They indicate that in this fibrosarcoma model the expression of
laminin on the cell surface, rather than merely the presence of
unoccupied laminin receptors, influences the metastatic potential
of the cells.
Following attachment, the tumour cell secretes
hydrolytic enzymes which can locally degrade the matrix
(including degradation of the attachment glycoproteins) (Jones et
al.,1980; Kramer et al.,1980). Such enzymes are either membrane
bound or secreted. Degradation of the matrix takes place in a
highly localized region close to the tumour cell surface where
the amount of active enzyme exceeds the natural protease
inhibitors present in the serum and in the matrix itself
(Thorgeirsson et al.,1982). One of the few direct demonstrations
of the role of proteolytic enzymes in tumour invasion is the
observation by Latnern and Pradhan (1973) of the partial
inhibition of invasion of fragments of adult rat kidney by
virus-transformed fibroblasts In vitro by pretreatment of the
kidney with a broad spectrum of protease inhibitors. When tumour
cells interact with endothelial cells and stromal cells, it has
been shown that the cell-cell interactions are mediated by
constituents present on the cell surface (Nicolson, 1982;
Nicolson and Poste, 1982,1983; Nicolson et al.,1984; Jones et
al.,1980 Kramer et al.,1980). Hagmar and Norrby (1973) have
described how enzymatic digestion of cell surface glycoproteins
can alter tumour cell implantation properties in the
microcirculation without modifying tumour cell viability.
However, it has been shown that specific biosynthetic
modifications of cell surface glycoproteins can inhibit blood-
borne implantation and experimental metastasis formation (Irimura
et al.,1981; Irimura and Nic ols o n, 1 9 81). Tumour-derived
collagenases which degrade interstitial collagens, I, II and III
have been partially purified and characterized by a number of
investigators (Dresden et al.,1972; Yamanishi et al.,1972; 1973).
Subsequently a type IV collagenolytic metallop r ot einase was
identified in highly metastatic tumour cells (Liotta et al.,19 77;
1979). A separate metalloproteinase was identified in tumour
cells which degraded type V collagen (Liotta et al.,1981; 1982).
A type V degrading metalloproteinase was identified in both
tumour cells and normal alveolar macrophages. These enzymes
probably play a role in the selective physiological turnover of
basement membranes during normal tissue remodeling (Liotta et
al. ,19 79).
So far, tumour invasion has been largely considered as a
function of tumour cells acting on an almost completely passive
host. It is known, however, that many animal and human tumours
possess antigens which may elicit a wide variety of specific
immune responses from their hosts. These responses have been
examined chiefly for their ability to inhibit tumour growth or to
kill tumour cells and in this respect they may play an important
role in the development of metastases; but their role in the
specific context of neoplastic invasion is obscure. It has been
demonstrated that substances present in the serum of animals
bearing tumours of the same genetic constitution may strongly and
selectively inhibit the motility of the tumour cells in culture,
without affecting the motility of normal splenic cells or the
cells of other tumours (Currie and Sime, 19 73).
Most observations on the motility of tumour cells have
been made in tissue culture, and there is no doubt that the
majority of malignant cells can move under these conditions.
Numerous biological processes, at the cellular level, require the
participation of the cytoskeleton. These include mitosis, cell
locomotion, cytoplasmic organization, intracellular movement os
organelles and maintenance of cell shape. Membrane-related
functions, such as endocytosis, exocytosis, membrane flexibility
and membrane topology, are also dependent on the proper
functioning of the cytoskeleton. The cytoskeleton consists of
three types of filamentous structures- microfilaments,
intermediate filaments and microtubules. Changes in cell shape
and locomotion involve the redistribution of both microfilaments
and microtubules (Porter, 1984). Actin, from which microfilaments
are derived and tubulin, from which microtubules are formed, are
highly evolutionary conserved proteins and the multiple gene
coding for these proteins show extensive homologues from gene to
gene (Polly et al.,1985). Actin filaments participate in a number
of cellular functions including motility, cytokinesis,
cytoplasmic structure, membrane topology regulation and
intracellular transport. Rings of actin filaments with opposite
polarities are often associated with contractile functions, such
as cytokinesis. Meshworks of short actin filaments appear to be
prevalent in the peripheral or cortical regions of cells and
specifically localized in the leading lamellipodia of motile
cultured cells and the growth cones of extending neurites and
axons. These microfilaments are particularly sensitive to the
action of cytochalasins, drugs which bind specifically to one end
of actin filaments preventing further assembly. Another drug,
phalloidin, binds to actin filaments and prevents their
disassembly by preventing monomeric dissociation (Ishikawa et
al.,1969; Polly et al.,1985). The role of actin in diverse
functions appears to be mediated by actin associated proteins,
which serve to regulate the assembly and distribution of actin
(Stossel et al.,1984).
Microtubules are formed by the polymerization of alpha
and beta tubulin and a small number of microtu bule-associated
proteins (MAPs). Like actin filaments, microtubules express
kinetic polarity in that the two ends of the polymer add and lose
subunits at different rates such that, at steady state,
treadmilling is thought to occur. Microtubules are also the
major components of specialized structures including the axonemes
of cilia and flagella and the mitotic spindle (Polly, 1985). Much
of our understanding of microtubules and the drugs which affect
them has come from studies using the Ln vitro assembly of
microtubules. Since Weisenberg and coworkers (19 72) first
reported that microtubules could be formed from soluble extracts
of brain, this system has been refined and exploited to purify
microtubule proteins, to study mechanisms of microtubule
assembly, and to elucidate the actions of antimicrotubule drugs.
In vitro polymerization has provided a convenient method for
assessing agents which inhibit or enhance polymerization of
microtubules, and for studying their mechanism of action. The
substoichiometric action of colchicine and colcemid and the
stoichiometric inhibition of microtubule formation by vinca
alkaloids have been investigated extensively (Polly et al.,1985).
It has long been presumed that cell locomotion was primarily a
function related to actin-myosin or actin-actin interactions.
This view is supported by evidence derived from studies using
antiactin and antimicrotubule drugs. For example, the addition of
colchicine affects the directed motion of cells but does not
abolish amoeboid movement, extension of microvilli or membrane
ruffling activity. In contrast, cell motility can be suppressed
by addition of either cytochalasin, which prevents actin
assembly, or phallodin, which prevents filament depolymerization.
Thus, dynamic assembly-disassembly of actin filaments appears to
play the primary role in cell movement while microtubules may act
as vectors (Kell et al.,1975). The translocation of cells depends
on the functional forces developed between the cell and a
substratum and the ability of the contractile system to push or
pull portions of the cell from one point to another (Polly et
aL,1985). Cell movement includes chemotactic stimuli, contacts
with neighbouring cells, and changes in the texture or adhesivity
of the substrate. The most active region is the leading
lamellipodium. This area is very rich in actin filaments in the
form of dense webs and small bundles (Small et al.,1981;
Abercrombie et al.,19 70; 1971; Lindberg et al.,19 79). It is
generally accepted that microfilaments are intimately involved in
the force-generating system necessary for cell locomotion. Most
microtubules extend from the perinuclear area toward the
periphery and bend back or sideways near the base of the
la mellip odiu m (Geiger et al.,1984). They suggest that
microtubules are not essential for the establishment of substrate
contacts or for the formation of membrane protrusions but are
necessary for directional movements. This suggests that
microtubules play a role in the spatial coordination of polarized
contact formation. Nobuyuki (1976) also found that the actin
filaments are located in both the anterior part and the pseudopod
in moving cells. It seems that microtubules and microfilaments
are very important for tumour cell invasion.
The question arises however as to what cellular
components could be involved in the metastatic process. One
cellular component which has been examined is the cytoskeletal
structure of cells (Wake et al.,1982). Changes in cellular
adhesiveness and motility in the metastatic process suggest that
cytoskeletal elements are involved. Investigations have
demonstrated that actin filaments are involved in modulating
cellular adherence and the locomotion of cells (Hagmer,1977; Wake
et al.,1982). Recently, Volk et al. (19 84) used immunofluorescent
techniques to show that the degree of actin filament organization
was correlated inversely with the metastatic capability of
various clones of the murine K-1735 melanoma tumour. The low-
metastatic cell variants showed well organized actin bundles,
were very adherent to the culture plates, and displayed
restricted mobility. In contrast, the highly metastatic cell
variants were poorly attached and displayed a very diffuse
pattern of actin staining pattern.
Some cell surface proteins are relatively immobile
(Schlessinger et al.,1977; Jung et al.,19 84) and are not released
by detergent extraction of cells, suggesting that they are firmly
attached to the cytoskeleton. Immobilization and detergent-
resistant attachment of additional membrane proteins can be
induced by interaction with extracellular ligands (Jung et al.,
1984; Edelman,l 9 76; Jesaitis et al.,1984). Binding to such
ligands may result in transport of cell surface proteins to one
side of the cell (capping) and when this occurs co-capping of
cytoskeletal proteins is seen (Bourguignon et al.,1977; 1982),
again suggesting linkage between membrane proteins and the
cytoskeleton. Roos and coworkers (1985) found that surface
glycoproteins, although seemingly randomly distributed as
observed in thin sections, may actually be localized to
particular membrane domains associated with underlying filaments.
The observation that actin microfilament bundles (stress fibers)
are highly developed in well-spread stationary fibroblasts
vitro (Herman et al.,1981; Pfeffer et al.,1980; Singer et al.,
1981; 1982) and are diminished in mobile and transformed cells,
strongly suggests a dominant role for the cytoskeleton in the
fibroblast-to-substrate adhesion mechanism. A fascinating aspect
of this phenomenon is the coincident distribution of fibronectin-
containing extracellular matrix fibers and bundles of actin
microfilaments on a global scale at the substrate adhesive
surface (Hynes et al.,1978). Electron microscopic studies of this
substrate-binding plasma membrane have demonstrated that the
fibronectin and actin fibers form transmembrane complexes
composed of individual 5nm microfilaments and fibronectin fibrils
organized into a close one-on-one association called the
fibronexus (Singer et al.,1979). They observed many fibronexus
(FNX)-like transmembrane associations of extracellular
fibronectin fibers and cortical 5nm actin microfilaments
localized at the myofibroblast plasma membrane. They appeared to
attach the myofibroblasts to each other and to the surrounding
extracellular matrix. They suggested that the fibronectin-rich
clot probably induces early fibroblast migration into the wound
area. The binding of fibronectin to the plasma membranes of
fibroblasts that enter the wound causes fibronexus formation and
the subsequent generation of prominent actin microfilament
bundles. The fibronexus may also serve to transmit the collective
forces generated by the contraction of actin microfilaments
within myofibroblasts throughout the granulation tissue, and
thereby affect wound constriction. Jung et al (1985) also found
that the rat mammary adenocarcinoma contains a transmembrane
complex composed of a cell surface, cytoskeleton-associated
glycoprotein (CAG) and actin. CAG permits it to act as the
membrane association site for several microfilaments and plays an
important role in the formation and stabilization of the
microvillus structure. Therefore, actin microfilaments form
associations with the plasma membranes of a wide variety of
cells, and these associations are important in the determination
of cell shape, cell motility, and cell-cell adhesions. Badley et
al (1980) showed that three separable events occur during cell
rounding: loss of fibrillar extracellular matrix fibronectin;
break up of an ordered array of membrane glycoproteins which are
ricin receptors, and break up of actin stress fibers. Woods et al
(1984) found that in terms of external-internal co-organization
in dynamic situations during spreading, heparin sulfate
proteoglycans (HSPG) play a more direct role than fibronectin,
possibly mediating the attachment of fibronectin to the cell
membrane and coordinating cell surface matrix organization with
internal cytoskeleton. Further evidence for a direct role of HSPG
in adhesion processes are the reports that epithelial cells have
an intercalated form of HSPG which can bind to actin and that an
interaction of cell surface HSPG with a substratum-bound ligand
will allow fibroblast adhesion and spreading whereas heparitinase
treatment of fibroblasts inhibits spreading on a fibronectin
substrate (Laterra et al.,1983). Besides glycoproteins,
proteoglycan also related to the cytoskeleton of the cell.
Rapraeger et al (19 86) suggest that the proteoglycan, initially
present on the entire surface and free in the plane of the
membrane, becomes sequestered at the basolateral cell surface and
bound to the actin-rich cytoskeleton as the cells become
polarized in vitro. Binding of matrix components may cross-link
proteoglycans at the basal cell surface and cause them to
associate with the actin cytoskeleton, providing a mechanism by
which the cell surface proteoglycan acts as a matrix receptor to
stabilize the morphology of epithelial sheets.
However, the mechanism of tumour cell invasion and
metastasis is a very complicated process. More detailed study of
the specific aspects of metastasis in individual tumours is
req uired.
2.5 DRUG EFFECT ON TUMOUR CELLS
2.5.1 COLCHICINE
2.5.1.1 History
Colchicine is an alkaloid of Colchicum autumnale (autumn
crocus, meadow saffron), a plant so named because it grew in
Colchis in Asia Minor. Although the poisonous action of colchicum
was known to Dioscorides, preparations of the plant were not
recommended for pain of articular origin until the Sixth Century
A.D. Colchicum was introduced for the therapy of acute gout by
von Stock in 17 63, and its specificity for this syndrome soon
resulted in its incorporation into a number of gout mixtures
popularized by Charlatus. The alkaloid colchicine was isolated
from colchicum by Pelletier and Caventou in 1820.
2.5.1.2 Pharmacological Properties
The anti-inflammatory effect of colchicine in acute
gouty arthritis is selective for this disorder. Colchicine is
only occasionally effective in other types of arthritis; it is
not an analgesic and does not provide relief of other types of
pain. Colchicine is also an antimitotic agent and has been widely
employed as an experimental tool in the study of normal cell
division and cell function. Colchicine can arrest plant and
animal cell division iri vitro. The details of colchicum
influenced mitosis were first elucidated by Lit (1934) and
Amoroso (1935). Mitosis is arrested in metaphase, due to failure
of spindle formation. The metaphase plate configuration of the
chromosomes is lost and a well-defined spindle in absent.
Colchicine has been used extensively to block cells in mitosis
for chromosome studies. A wide variety of plant and animal cells
are blocked in essentially the same way. Thus the target for
colchicine must be related to a similar structure in all cells. A
likely candidate for a mitotic inhibitor is a molecule that binds
specifically to the protein subunit of spindle fibers and blocks
the assembly of the spindle. Furthermore, one might expect to
find a class of drugs that act by preventing the assembly of
globular proteins into intra- cellular fibers (Goodmen and
Gilman, 1980).
Cells with the highest rates of division are affected
the earliest. High concentrations may completely prevent cells
from entering mitosis and both normal and cancer cells are
similarly affected. The effect is not specific for colchicine and
is exhibited by the vinca alkaloids (vincristine and
vinblastine), podophyllotoxin, griseofulvin, and other agents.
The extensive studies of the effects of colchicine on cell
division and its use as a pharmacological tool have been
summarized by Dustin (1963).
2.5.2 VINCA ALKALOIDS
2.5.2.1 History
The beneficial properties of the periwinkle plant (Vinca
rosea Linn.), a species of myrtle, have been decribed in
medicinal folklore for many years in various parts of the world.
Johnson and associates (1963) have demonstrated the activity of
certain alkaloidal fractions against an acute lymphocytic
neoplasm in mice. Fractionation of these extracts yielded four
active dimeric alkaloids: vinblastine, vincristine, vinleurosine,
and vinrosidine. Two of these, vinblastine and vincristine, are
important clinical agents. Comprehensive reviews of the vinca
alkaloids have been published (Johnson et al.,1963; Johnson,
1973).
2.5.2.2 Pharmacological Properties
The vinca alkaloids are cell- cy cle-specif ic agents and
in common with other drugs such as colchicine and
podophyllotoxin, block mitosis with metaphase arrest. The
biochemical effects of the vinca alkloids have been explored
extensively, and a number of interesting phenomena have been
uncovered. It seems likely, however, that most of the biological
activities of these drugs can be explained by their ability to
bind specifically with the protein tubulin, a key component of
cellular microtubules. When cells are incubated with vinblastine,
dissolution of the microtubules occurs, and highly regular
crystals are formed that contain 1 mole of bound vinblastine per
mole of tubulin. Colchicine and podophyllotoxin also can bind
specifically with tubulin, but apparently at a site on the
protein different from that bound by vinblastine. Through
disruption of the microtubules of the mitotic apparatus, cell
division is arrested in metaphase. In the absence of an intact
mitotic spindle, the chromosomes may disperse throughout the
cytoplasm (exploded mitosis) or may occur in unusual groupings,
such as balls or stars. Apparently the inability to segregate
chromosomes correctly during mitosis leads ultimately to cellular
death. In addition to their key role in the formation of mitotic
spindles, microtubules have been associated with many other
cellular functions. Therefore, it is not surprising that vinca
alkaloids may affect these functions as well. Some types of
cellular movements, phagocytosis, and certain functions of the
CNS appear to involve microtubules, which may explain some of the
other effects of vinca alkaloids (Goodman and Gilman,1980). White
(1968) found that low concentrations of the drugs removed
platelet microtubules and caused the cells to lose their typical
discoid shape. Disappearance of intact microtubules and loss of
the disc shape did not impair the ability of the cells to retract
clots. The effects of the alkaloids on platelet structure,
however, were not limited to the-circu inferential—band-and
hyaloplasmic microtubules. Colchicine and vincristine influence a
variety of functions in different cells by selectively
depolymerizing microtubules (Malawista et al.,1965; 19 68; Borisy
et al.,1967). These agents do not appear to produce irrevocable
damage to cells, since removal of alkaloid from the incubation
media allows cells to reform tubules and recover functional
capacity (Malawista et al.,1965). Utilization of these agents by
many investigators has permitted new insights into mechanisms of
cell division, saltatory particle movement, pseudopod formation,
and other motile processes. High concentrations of colchicine and
vincristine destroy platelets, but smaller amounts remove intact
microtubules without impairing the ability of the cells to
retract clots (White,1968). These findings show that intact
microtubules are not essential for the clot-retracting capacity
of platelets but do not rule out the possibility that a component
derived from microtubules during disassembly might still be
involved.
2.5.3 METHYL CARBAMATE
Methyl carbamate is an experimental antitumoural
compound, the effect of which was ascribed to its interference
with microtubules. The compound inhibits the polymerisation of
rat brain tubulin In vitro (Hoebeke et al.,19 76). Its anti-
microtubular action was also evident from transmission electron
micrographs of various tissue culture cells, lacking microtubules
10 to 20 minutes after addition of 0.04 to 10 microgramml of
methyl carbamate to the culture medium (De Brabander et
al.,1976). This effect was observed during the mitotic cycle and
during interphase, and is to some extent reversible, depending on
the cell type, the duration of the treatment and the
physio chemical form of the drug. During the mitotic cycle, methyl
carbamate interferes with separation fo daughter chromosomes,
leading to polyploidy and formation of multiple micronuclei.
During interphase it causes loss of spatial organisation, leading
to altered mobility of concanavalin A receptor sites (Mareel et
al.,1978), and loss of directional cell movement (DeBrabander et
al.,1976). It seems from the pathways of invasion in
organoty pical co- cultures of various types of malignant cells
with different kinds of host tissues, that directional cell
movement is involved in the invasion of malignant cells.
Therefore the effect of methyl carbamate on directional movement
of cells in tissue culture suggests that the drug might have an
influence on the invasive capacity of malignant cells (Mareel et
al.,1978).
2. 5.4 CYTOC HAL ASIN
Cytoch alasin B, a macrolide metabolite of Helminth-
sporium dematoideum, has been reported to depress or inhibit
reversibly a wide variety of cellular activities (Wessels et al.,
1971). It has been proposed that cytochalasin B acts via the
selective disruption of intracellular microfilaments (Wessels et
al.,1971), possibly by interacting with actin (Spudich and Lin,
1972). Cytochalasin B has also been reported to alter the
functional properties of plasma membranes. For example,
cytochalasin B produces an inhibition of carbohydrate transport
(Cohn et al.,1972; Estensen and Plagemann, 1972; Kletzien and
Perdre, 1973); an inhibition of thymidine uptake (Plagemann and
Estensen, 1972); rapid but reversible changes in cell surface
morphology as revealed by scanning electron microscopy (Everhart
et al.,1974); changes in plasma membrane osmotic fragility and
deformability (Beck et al.,1972); alterations in surface membrane
components (Mayhew et al.,1974); and surface contractility
(Bluemink,1971). Additionally, labeled cytochalasin B binds pre¬
dominantly to the cell membrane, although a lesser binding to
intracellular membranes has been reported (Mayew et al.,1974).
The drastic and varied effects of cytochalas ins on cell
morphology, motility, and surface functions result from the same
basic mechanism: their binding to the fast polymerizing ends of
filament actin (Brenner and Korn, 1979,1980; Lin et al.,1980),
which brings about an energy-ind epe nd ent fragmentation of
cytoskeletal actin networks, both in vitro (Weihing, 1976) and in
vivo (Weber et al.,1976). Differences in response to cytochalasin
of diverse cell types presumably reflect major differences in
organization of their actin-based cytoskeleton and its
interaction with the non-actin cytoskeleton, i.e. microtubules
and intermediate filaments (Godman et al.,1980). The alterations
in organization and arrangement of the actin-based cytoskeleton
in normal and transformed fibroblasts afford an instructive
opportunity to analyze the relation of cytoskeletal organization
to cell response to cytochalasin, by comparing the different
effects of cytochalasin D in a line of normal myofibroblasts, and
its spontaneous epithelioid transformants, cells with very
different cytoskeletal phenotypes (Brett et al.,1985). Normal
myofibroblasts, which have large axial stress fiber arrays with
terminal (vinculin) adhesion plaques and parallel orientated
non-actin cytoskeletons, become spectacularly retracted,
arborized, and, eventually, round when exposed to cytochalasin D.
The apolar transformed epithelioid transf ormant s, which have
dense sub- plasmalemmal actin meshworks (cortices) and radially
orientated non-actin cytoskeletons, but lacking stress fiber and
adhesion plaques, are less retracted by cytochalasin D. Instead
they maintain broad, flat cytoplasmic sheets. Moreover, these
cell type-specific differences in response to cytochalasin D are
the same, whether the cells are treated while fully spread or
still rounded, after plating. The basis for these visible
differences may be sought in the actions of cytochalasin D on the
differently organized cytoskeletons of each cell type: their
rearrangement, ultrastructure, composition, and association with
plasma membrane and mem brane-linking proteins (Brett et al.,
1986). In leukocytes, Keller et al (1984) found that cytochalasin
B suppresses polarization and locomotion of Walker carcinosarcoma
cells. The results indicate that disassembly of microtubules
activates the microfilament-dependent motility. It seems possible
that this may influence the shape and locomotor activity of
cells, particularly of rapidly proliferating cell populations
such as tumour cells. In this way, proliferation which is one
malignancy factor, may be linked to motility which is considered
to be another malignancy factor. The stimulation of locomotion of
Walker carcinosarcoma cells by microtubule-disassembling drugs
raises the question as to whether these agents may promote
invasiveness and metastasis Jri vivo when used as therapeutic
drugs. There is no consistent evidence for this as yet. In fact,
some studies on in vitro and iri_ vivo invasiveness suggest that
microtubule-disassembling agents inhibit invasion. Another recent
study reported that microtubule-disassembling drugs enhance
infiltration of hepatocyte cultures (Keller et al.,1984). These
authors note that the question, as to whether locomotion of
cells, and in particular tumour cells, is stimulated or inhibited
by microtubule-disassembling agents is indeed highly
controversial (Keller et al.,1984). It is suggested that
locomotion is stimulated if the PMNs are initially nonmotile, is
unchanged if the cells are migrating at low speed, and is
slightly inhibited with fully stimulated PMNs (Atassi et al.,
1978).
III. MATERIALS AND METHODS
3.1 SMOOTH MUSCLE CELLS PREPARATION
3.1.1 Preparation of collagen gel
Collagen gels were prepared from rat tail tendons as
described by Michalopoulos and Pitot (1974). Tails from mature rats
were cut off and collected in 75% ethanol. After draining off the
ethanol, the tails were cut into pieces and collagen fibers were
dissected out and weighed. The tendons were extracted with 300ml per
gram 1:1000 0.5N acetic acid for two days at 4°C. The collagen
solution in acetic acid was then centrifuged at 2300g for 2-3 days at
the same temperature. The clear supernatant was poured off and stored
in sterile bottles at 4°C for future use.
The collagen gel was formed in a 30 mm Sterilin petri dish
by rapidly mixing 0.85 ml of the collagen solution with 0.2 ml of a
mixture containing 1:1 by volume lOx F10 culture medium (Gibco) and
0.34N NaOH. The mixture was left for 30 seconds for hardening and the
collagen gel formed was sterilized by UV irradiation for 15 minutes.
Culture medium was then added to equilibrate the gel overnight in a
37C C0 incubator.
3.1.2 Preparation of smooth muscle cells
The method of culturing smooth muscle cells from fetal heart
was according to that developed by Jones et al (1978). Briefly,
twelve hearts obtained from 3-day old rats were excised and cut into
small pieces with a pair of scissors. These pieces were washed twice
in calcium and magnesium-free phosphate-buffered saline and then
trypsinized at room temperature in freshly prepared 0.1% trypsin
(1:250; Difco). The first harvest of cells, obtained after 10 min,
was discarded, the next harvest was collected at 45 min. Then the
next two successive 30 min harvests were also collected and the cells
were obtained by centrifugation. They were then cultured in Eagle's
minimal essential medium(MEM) containing 10% calf serum, 10% tryptose
phosphate broth (Difco), penicillin (100 units ml), and streptomycin
(100 microgram ml). The cells were seeded into 25 sq.cm tissue
culture flasks (Falcon) at 4-5 x 10 cells per flask and incubated
in a CO incubator (95% air 5% CO2) at 37°C for 90 min. The
supernatant medium was then poured off, the attached cells were
washed once, and fresh medium was added. The cultures were passaged
when confluence occurred. They were trysinized with 0.25% try sin at a
ratio of 1:4, and when the secondary cultures were confluent, the
smooth muscle cells were seeded onto collagen gels (Appendix 1).
3.1.2 Seeding of smooth muscle cells on collagen gel
On the day of use, the culture medium covering the collagen
gel was aspirated. The smooth muscle cells were trypsinized and 1 x
10 cells in 1.5 ml MEM supplemented with 10% fetal calf serum
(FCS), lOOlUml penicillin and lOOugml streptomycin were seeded into
each 35 mm collagen gel coated petri dish. Smooth muscle cells
were allowed to grow on collagen gels until confluence.
3.2 DECIDUAL CELL CULTURE
3.2.1 Preparation of decidual cell monolayer
Pregnant ICR random bred female mice were prepared. After
mating for 2.5 days, that is the day before implantation, the uterine
horns of Day 2.5 pregnant mice were exposed and dissected under
sterile conditions, cleared of fat and mesentery, and slit open with
fine scissors. The endometrial tissue, collected by scraping the
inner wall of the uterus with a pair of fine forceps, was washed
twice with phosphate buffered saline and incubated for about one hour
at 37°C with continuous gentle stirring in about 10 ml of 0.25%
trypsin solution. After disintegration of the tissue was completed as
judged by visual inspection, the enzymatic reaction was stopped by
adding equal volume of Dulbecco's modified Eagle Medium (DMEM)
culture medium. The cell suspension was decanted and centrifuged at
300g for 5 minutes. The supernatant was discarded and the packed
cells were resuspended in culture medium. After being filtered
through three layers of sterile lens paper, the cells were counted in
a haemocytometer, and diluted as required for plating (Appendix 2).
The dispersed decidual cells were seeded at 6 x 10 cells
per 25 mm tissue culture flask with DMEM medium and 100IU penicillin
per milligram, 50 microgram of streptomycin per milliliter and 10%
fetal calf serum, and incubated in a humidified atmosphere of 5%
CO2 in air at 37°C. The cells reached confluence 9 days after
seeding. The confluent decidual cells were trypsinized by 0.25%
trypsin solution and were seeded onto the glass cover slides.
3.2.2 Preparation of specimens for transmission electron microscopic
s tu dy
For electron microscopic study, tissue fragments were cut
into strips of 0.2x0.4 cm, rinsed several times with cacodylate
buffer and fixed with 2.5% glutaraldehyde in 0.1M cacodylate buffer
(pH 7.4) for 2 hour at 4°C. They were then washed with the same
buffer and postfixed with 1% osmium tetroxide in cacodylate buffer
for another hour. Specimens were dehydrated through an ascending
series of ethanol, infiltrated with 1:1 mixture of absolute ethanol
and Spurr resin for 1 hour at room temperature and infiltrated with
pure Spurr resin overnight. The embedded specimens were placed in an
oven at 70°C for 12 hours to allow polymerization of the embedding
medium. Thick and ultrathin sections were cut on a Reichert-Jung
Ultracut. Thick sections (1 um) were stained with toluidine blue for
histological examination. Ultrathin sections (60-150 nm) were
flattened by the vapour of xylene on the water surface and then
dredged up by dipping a 200-mesh grid into the water. The section on
grids were first stained by saturated uranyl acetate in 30% methanol
for 15 minutes and then 2% lead citrate solution for another 15
minutes with the presence of KOH pellets. The grids were washed
thoroughly with distilled water after each staining and finally dried
by filter paper and examined with a Jeol JEM-100CXII TEM at 80 kV.
3.2.3 Preparation of specimens for scanning electron microscopic
s tu dy
Specimens for scanning electron microscopic study were cut
into 1 cm pieces, rinsed several times with cacodylate buffer and
dehydrated in an ascending series of ethanol for 15 min at each step.
Following dehydration, the specimens were transferred from absolute
ethanol to an ascending series of Freon 113 in 100% ethanol and put
into a Ladd critical point dryer. Freon 113 was replaced by Freon 13
and the specimens were dried at a constant temperature of 38°C at
561 psi. The dried specimens were mounted on copper stubs by double
adhesives tape, coated with gold-palladiu m by a Edwards Sputter
coater model S1508, and examined with a Jeol JSM-35CF scanning
electron microscope at 15kV.
3.3 BLOOD VESSELS IN ORGAN CULTURE
3.3.1 Methods and materials
In the culture of blood vessels, a modified method
developed by Trowell (1956) was used. Adult male rats were
placed under a light anaesthetia using nembutal sodium (sodium
pentobarbital, Abbott Lab USA) in a concentration of 5mg100g
body weight injected intraperitoneally. The abdominal area was
shaved and washed with 75% ethanoL Clean surgical technique was
employed in making an incision and the abdomen was opened. The
abdominal aorta was exposed using blunt dissection and removed.
The aorta was placed in medium M-199 which included 200lUml
penicillin and lOOugml streptomycin (Gibco) and 10% Fetal calf
serum, the excess fat around the aortas were removed by careful
dissection under the dissecting microscope. Then the aortas were
washed at least four times in Ca++ and Mg++ free
phosphate-buffered saline containing antibiotics. All these
steps were carried out at room temperature, all instruments were
sterilized before use and laid down on a sterile surface between
use. The ring segments of aortas about 5-6mm long were cut, and
then the lumens of the ring segments were cut. The cut aortic
segments of about 5x5mm in size were placed with the external
adventitia on a 0.2um M era branf lit er paper (Schleicher and
Schull, West Germany.) and the endothelial layers exposed to the
air. The four corners of the aorta segment were inserted into
the 4 slits of M era branf ilt er paper.
Then the Membranfilter papers were placed on the top of
a 3cm long stainless triangle steel grid bench with 3 parallel
edges folded down at a depth of 0.5 cm. in a petri disc (Falcon)
containing 2 ml of RPMI with 100IUml penicillin, 50ugml of
streptomycin and 10ml 15% Fetal calf serum, about 2ml of this
medium was added to petri dish (Falcon). This volume was just
enough to cover the surface of the aorta. The petri dishes were
placed in a 5% carbon dioxide, 95% air atmosphere incubator. The
incubation medium was changed every other day (Appendix 3).
3.3.2 Preparation for light microscopic study
Specimens for light microscopic study were fixed in 10%
neutral buffer formalin for 24 hours. The fixed samples were
further dehydrated through an ascending series of ethanol and
cleared in xylene. They were then infiltrated and embedded with
paraffin (Paralpast, m.p. 56-57°C), and sectioned to 5 um in
thickness with a rotary microtome. Sections were mounted onto
clean glass slides, deparaffinized in xylene, hydrated in a
descending series of ethanol and stained with hematoxylin and
eosin. The slides were then dehydrated in an ascending series of
ethanol, cleared in xylene, and mounted with Canadian balsam.
3.3.3 Characterisation of endothelial cells by imrauno-enzyme
t echiq u e
Besides morphological studies, peroxidase anti-
peroxidase (PAP) localization of Factor VIII related antigens in
endothelial cells was used for characterization.
Endothelial cells seeded onto a cover slip were fixed
in 10% neutral buffer formalin for 24 hours. After the specimens
had been digested with 1% type III trypsin in 1% CaCl
solution at 37°C for 45 min, they were washed thoroughly with
double distilled water and treated with fresh solution of 0.5%
HO in methanol for 15 min in order to block the endogenous
peroxidase activity. The specimens were then washed with Tris
buffered saline (TBS) and treated with normal rabbit serum (NRS)
in 0.05M TBS and 0.015M sodium azide in order to reduce the
non-specific staining. After 15 min, excess NRS was drained off.
Antiserum to Factor VIII related antigen (Dako) was applied and
the specimens were incubated in a moist chamber for 45 min.
Specimens were then washed thoroughly in three changes of TBS
over 5min and treated with rabbit anti-mouse IgG (Dako) for 20
min. After a second wash in TBS, the sections were treated with
soluble horseradish peroxidase-mouse anti-horseradish peroxidase
(PAP) in 0.05M Tris buffer, pH 7.6 for 20 min, washed briefly,
and developed with at q.01% (vv) and diaminobenzidine
(DAB, Sigma) at 0.05% (wv). When the reaction was sufficiently
developed, the sections were then washed with fresh TBS followed
by tapwater, counterstained with Mayer's hematoxylin for 1 min,
washed in Cott's tapwater substitute, dehydrated through an
ascending series of ethanol, cleared in xylene and mounted with
Canadian balsam.
3.3.A Preparation for scanning electron microscopic study
The specimens were fixed iri situ for A hours in A%
glutaraldehyde in 0.1M cacodylate buffer pH 7.A and postfixed
for 2 hour in 2% osmium tetroxide in the same buffer. Then the
specimens were rinsed several times with cacodylate buffer and
dehydrated in an ascending series of ethanol and processed as
described in section 3.2.3.
3.3.5 Preparation for transmission electon microscopic study
The specimens were fixed iri situ for A hrs in A%
glutaraldehyde in 0.1M cacodylate buffer pH 7.A and postfixed
specimens were rinsed several times with cacodylate buffer and
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were cut into strips of 0.2 x 0.A cm, and dehydrated in an
ascending series of ethanol and processed as described in
section 3.2.2.
3.4 Preparation of conditioned medium from choriocarcinoma
cultu re
The choriocarcinoma cells were obtained from a
choriocarcinoma cell line and was seeded in the flask, the RPMI
medium of choriocarcinoma cells was changed every 2 days. The
culture medium remained in the flask for 3 days before the
tumour cells were confluent. The conditioned medium was filtered
twice with millipore filter paper in order to get rid of the
choriocarcinoma cells from this medium. The pH of the
conditioned medium was adjusted by using NaOH and was warmed up
to 37°C. The control medium RPMI was prepared also with
different pH from 6.8 to 7.4. (i.e 6.8; 6.9; 7.0; 7.1; 7.2; 7.3;
7.4), and then was warmed up to 37°C. The osmolarities of
control medium RPMI with different pH and conditional medium
were measured, the result around 282-288mmolkg. Then the medium
of different pH were injected into the peritonium of mice [ICR,
adult, female] (Appendix 4).
3.4.1 Preparation of the peritoneum of the mice for SEM
The mice were killed by disrupting the spinal cord of
the neck. The abdominal skins were cut and the abdominal walls
were excised together with the parietal peritoneum. The
specimens were fixed in 4% glutaraldehyde for 4 hours and then
2% osmium tetroxide for 2 hours and following the process as
described in section 3.1.2.
3.5 DRUG EFFECTS ON TUMOUR CELLS AND ON FIBROBLAST MONOLAYER
3.5.1 Chemicals
Reagents and suppliers were: colchicine (Sigma Chemical
Co, St. Louis, Mo.), vincristine sulfate (Sigma Chemical Co, St.
Louis, Mo.), cytochalasin B (Sigma Chemical Co, St. Louis, Mo.),
Carbamate (R17934 Sigma Chemical Co, St. Louis, Mo.).
Water-in soluble compounds were dissolved in dimethylsulf oxide
(DMSO, Sigma Chemical Co, St. Louis, Mo.) and stored at -20C
until use. DMSO alone had no effect in any of the assays at the
final concentration used.
3.5.2 Fibroblast
The human lung fibroblasts were kindly provided by Dr.
S.W.Tsao, Department of Anatomy, CUHK. Cells were maintained in
vitro in RPMI medium supplemented with 10% fetal calf serum,
penicillin (5ugml) and streptomycin (5ugml). The fibroblasts
were seeded on collagen with petri dishes and the cultures were
maintained at 37°C in a humidified atmosphere containing 5%
C02 and 95% air.
3.5.3 Choriocarcinoma
Choriocarcinoma cell line (Jar) were maintained jLn
vitro in RPMI-1640 supplemented with 10% fetal calf serum,
Penicillin (5ugml) and streptomycin (5ugml).
3.5.4 Preparation of the drugs
(a) Colchicine is freely soluble in RPMI medium. The
concentrations of colchicine were finally diluted to O.lmgml
and 0. 0 lmg ml.
(b) Vincristine sulfate is also freely souble in RPMI
medium. The concentrations of vincristine sulfate were finally
diluted to O.lmgml and O.Olmgml.
(c) Cytochalasin B was dissolved in DM SO( lmg CB in
0.2ml DMSO). The concentrations of cytochalasin B were diluted
to O.lmgml, O.Olmgml and 0.00 lmgml.
(d) Methyl Carbamate (R17934) was dissolved in DMSO(
lmg MC in 0.2ml DMSO). The concentrations of methyl carbamate
were diluted to O.lmgml and O.Olmgml.
3.5.5 M etho ds
The drugs were added on to the confluent fibroblast
monolayers and on tumour cells separately for about 3 hours and
6 hours. After 3 hours and 6 hours, the drug-treated fibroblast
monolayers were washed 3 times in PBS solution and RPMI medium
was added. Then the choriocarcinoma cells without drug treatment
were seeded onto the drug-treated fibroblast monolayer for 3
hours and 6 hours, and the specimens were fixed for scanning
electron microscope study.
The drug-treated choriocarcinoma cells were incubated
for 3 hours and 6 hours, and then were centrifuged, rinsed 3
times in PBS solution and resuspended in RPMI medium. The
drug-treated choriocarcinoma cells were then seeded onto the
confluent fibroblast monolayer which had been treated for 3
hours and 6 hours and the specimens were fixed for scanning
electron microscopic study.
3.5.6 Preparation of specimens for scanning electron microscope
study
The procedures were as described in section 3.2.3.
IV. RESULTS
4.1 MORPHOLOGICAL STUDY OF THE CHORIOCARCINOMA
Under the electron microscope, the choriocarcinoma cells
appeared polygonal in shape and numerous microvilli were found on
the surface of the tumour cells (Fig. 1). Where the contact
occurred between adjacent cells, desmosomes were often seen
(Fig.2). The cytoplasm contained tonofilaments which were in the
form of scattered bundles and it was also rich in endoplasmic
reticulum and mitochondria (Fig.3). The nuclei of the carcinoma
cells were lightly stained showing marginal condensation of
chromatin and they sometimes exhibited invaginations (Fig.3).
4.2 INTERACTION OF CHORIOCARCINOMA WITH DECIDUAL CELLS
MONOLAYERS
4.2.1 Morphological studies of decidual cells in culture
The decidual cells were large, epithelial-like,
polyhedral cells (Fig.4). Their cytoplasm contained numerous free
ribosomes, many profiles of granular endoplasmic reticulum, and
varied amounts of glycogen. The cells also had bulbous
cytoplasmic processes (Fig.5).
4.2.2 Interaction between choriocarcinoma and decidual cells
Monolayers of decidual cells were used as substrates for
tumour cell invasion (Fig.6) and Fig.7 shows choriocarcinoma
cells just seeded onto the decidual cell monolayer. One hour
later, most of tumour cells had retained their spherical shape.
However, filopodia extending from the tumour cell body toward the
monolayer were observed (Fig.8). At this time, the chorio¬
carcinoma cells first attached to the decidual cells layer
without causing any disruption of the underlying monolayer. At 3
hours following seeding, some tumour cells were still round in
shape (Fig.9). However retraction of the decidual cells occurred
after 6 hours and craters were formed (Fig. 10). The tumour cells
became flattened and the lamellipodia of the tumour cells were
found anchoring on the junction of decidual cells (Fig. 10).
Further retaction of underlying decidual cells were noticed after
9 hours (Fig.11). A survey phase contrast micrograph showed many
tumour islets at 12 hours (Fig.12). At 24 hours, the crater with
smooth margins became much larger and the tumour cell colonies
had grown and become flattened (Fig.13). Finally after 48 hours,
the craters had increased in size, but still had smooth edges.
The tumour cells had become more flattened and occupied the space
left by the retracted decidual cells (Fig.14).
43 INTERACTION OF CHORIOCARCINOMA CELLS WITH SMOOTH MUSCLE CELL
MONOLAYER
43.1 Morphological studies of smooth muscle cells in culture
Smooth muscle tissue consists of elongated, narrow,
spindle-shaped cells, devoid of transverse striations (Fig.15).
Each smooth muscle cell has a single, eliptical, or rod-shaped
nucleus which becomes twisted spirally in contracted cells.
Rarely several nucleoli are present. The smooth muscle cell is
bordered by a sarcolemma and is almost completely filled with
myofilaments (Fig.16). The extrafibrillar sarcoplasm is largely
restricted to a conical space at the poles of the nucleus.
Attached to the cytoplasmic aspect of the sarcolemma at varied
intervals are areas of high electron density referred to as dense
bodies or attachment plaques, structurally resembling half-
desmosomes (Fig.16). A small part of the smooth muscle fiber is
occupied by structures in the ext raf ibrillar sarcoplasm. Only a
few mitochondria are present being spherical or rod-shaped, with
a few membranous cristae (Fig.16). They are present in the
conical central space at the nuclear poles in a subsarcolemmal
position, or distributed singly among the myofilaments. Profiles
of the granular sarcoplasmic reticulum of varied lengths, and
many free ribosomes are observed. Coursing through, and parallel
to the myofilamentous sarcoplasm, several microtubule profiles
can be found. Glycogen particles are abundant between
myofilaments, near the sarcoplasm, and in the conical zones at
the nuclear poles. Under the scanning electron microscope, smooth
muscle cells are flat and have small amounts of microvilli on
their surface (Fig.17).
4.3.2 Interaction between choriocarcinoma and smooth muscle
cells
The smooth muscle cell monolayer was used as substrates
for this study. Immediately after seeding, choriocarcinoma cells
were found resting on smooth muscle cells (Fig.18). At 1 hour,
the tumour cells remained round in shape with filopodia attaching
to the underlying smooth muscle cell layer. The cytoplasmic
processes projected between adjoining smooth muscle cells at
their junctions (Fig.19). After 3 hours, tumour cells began to
penetrate the monolayer of smooth muscle cells at their
junctions, which retracted leaving a crater for the tumour cells
to invade. The lamellipodia of the tumour cells were found
resting on the smooth muscle junctions (Fig.20). At 6 hours, the
tumour cells had continued to invade the monolayer of smooth
muscle cells, and the craters had become larger (Fig.21). Nine
hours later, the tumour cells became elongated (Fig.22) and a gap
could be seen between tumour cells and smooth muscle cells
exposing the underlying collagen (Fig.23). Apart from the region
where tumour cell invasion was observed, other cell junctions
were intact. At 12 hours, the tumour cells became further
flattened and the craters increased in diameter (Fig.24). At 24
hours, the retraction was more prominent (Fig.25). Under
transmission electron microscoope, the microvilli of the
choriocarcinoma were well developed and penetration into the
monolayer of smooth muscle cells was observed at 6 hours
(Fig.26).
4.4 INTERACTION BETWEEN CHORIOCARCINOMA CELLS AND BLOOD VESSEL
WALL
4.4.1 Morphological study of arterial wall
The gross appearance of the explants was unremarkable
after 3 days of culture. The medium was noticeably more acidic
after 48 hours of culturing. However, no sigificant histological
changes were noted when the medium was changed every day.
The histological appearance of the organ cultures showed
a normal matrix and vessel wall. The endothelial layer of the
tunica intiraa was well preserved and the cells also produced imm¬
unologically detectable Factor VIII related antigen. The alter¬
nating layers of concentric elastic membranes and smooth muscle
cells of the tunica media are clearly seen (Figs 27,28,29).
Under the scanning electron microscope, at 1 hour after
culture, the surface of the vessel wall was essentially smooth,
but some small microprojections were found. The endothelium
formed a continuous layer with no gaps between the cell junctions
(Figs 30,31). Under the transmission electron microscope, the
endothelial cells were polygonal with some cytoplasmic processes
projecting from the luminal surface (Fig.32). The nuclei were
irregular in shape and caused a local protrusion into the vessel
lumen. The base of the cell had many small foot-like processes,
descending into the subendothelial connective tissue separated by
a thin basement membrane. The elastic membranes were arranged
concentrically with spiralling smooth muscle cells. After 3
hours, the surface of the endothelial layer was still smooth with
some flattening of the microp rojections (Figs.33,34,35). At 12
hours, the boundaries between adjacent cells were distinct where
microprojections from adjacent cells overlapped each other
(Fig.36). The endothelial cells contained mitochondria and
surface vesicles and the smooth muscle cells appeared normal
(Fig.37). At 24 hours, the vessel wall structure was well
preserved and the basal surface of the endothelial cells
contained numerous vesicles (Figs.38,39,40). Finally at 72 hours,
the surface of the vessel wall was still intact and all
boundaries were clear (Fig.40). The endothelial cell was
flattened with considerable amounts of rough endoplasmic
reticulum and surface vesicles present (Fig.42).
In general, these normal vessels survived well in organ
culture as judged by morphological and histological appearance
and therefore could be used as a good model for studying tumour
cell invasion.
4.4.2 Morphological study of choriocarcinoma cell invasion
Under the scanning electron microscope, choriocarcinoma
cells showed their invasive behavior by producing holes in the
endothelial surface 3 hours after they were placed on the
cultured blood vessel walls. Adjacent to the area of invasion
filopodia were found anchored to the surface of the endothelial
cell (Fig.43). After 9 hours, lamellipodia began to appear on the
tumour cells (Fig.44). At 12 hours, a crater was formed over the
endothelial cells as the tumour cells began to spread laterally
and became flattened (Fig.45). Later at 72 hours, the tumour
cells had extended into a sheet with an increased area of
invasion (Fig.46). By 96 hours, the tumour cells had occupied a
large part of the surface of vessel wall (Fig.47).
Under the transmission electron microscope, the
endothelial cells appeared to be normal 1 hour after seeding of
the tumour cells, but the basement membrane was disrupted
(Fig.48). However, at this stage, phagocytosis by several
choriocarcinoma cells was seen (Fig.49). The tumour cells
contained abundant mitochondria. The elastic membrane seemed
disintegrated. Some of the choriocarcinoma cells contained many
vesicles (Fig.50). At 3 hours, tumour cells continued their
invasion by inserting under the endothelial layer leading to
partial detachment of the endothelial cells which had become
vacuolated and deqenerated (Fig.51). After 6 hours, the
choriocarcinoma cell covered a larger subendothelial area and
dead endothelial cells were occasionally observed (Fig.52). There
was an absence of basement membrane. Several changes in the
interaction between the choriocarcinoma cells and the endothelial
layer of the vessels were noticed at 12 hours. The tumour cell
had invaded through the cell junctions of endothelial cells
(Fig.53) and had begun to engulf the endothelial cell with
pseudopodia (Fig.54). In the cytoplasm of the tumour cell,
accumulation of dense particles were present in different areas
(Fig.54). The endothelial cells appeared to be degenerating and
were being phagocytosed by tumour cells (Fig.55,56). At 24 hours,
the tumour cells had invaded deeper into the vessel wall and had
come into contact with the elastic fibrils (Fig.57). By 30 hours,
the elastic membrane had become fragmented (Fig.58,59). Finally
at 96 hours, the vessel wall was disrupted and the
choriocarcinoma cells were found beneath the elastic membrane
(Fig.60).
4.5 INTERACTION BETWEEN MACROPHAGES AND BLOOD VESSEL WALL IN
VITRO
For comparison with tumour cells, the cultured blood
vessel walls were used as substrates for a study of macrophage
migration. Under the scanning electron microscope, all of the
macrophages remained spherical in shape 3 hours after seeding
onto the blood vessel in culture (Fig.61). The macrophages did
not exhibit any filopodia when anchoring. By 12 hours, the
macrophages had still retained their spherical shape without any
sign of invasion (Fig.62). At 24 hours, macrophages started to
penetrate the endothelial layer between the cells (Fig.63). At 48
hours, the gaps between the endothelial cells had increased in
size and invasion by the macrophages was more marked. The
endothelial layer of the blood vessel still maintained a healthy
appearance except for the holes produced by the invading cells
(Fig.64). The cell junctions of the surrounding endothelial cells
were intact.
4.6 INTERACTION BETWEEN NPC CELLS AND BLOOD VESSEL WALL IN VITRO
Under the scanning electron microscope, an naso¬
pharyngeal carcinoma (NPC) cell penetrating the endothelial cell
was seen at 3 hours (Fig.65). This tumour cell appeared to
penetrate the body of endothelial cell and emerged again from the
same side of the cell (Fig.66). By 6 hours, the crater had
increased in size and degenerating endothelial cells were seen at
the site of invasion (Fig.67). At 9 hours, the crater had
expanded resulting in the exposure of the underlying elastic
membrane (Fig.68). Later 12 hours, the tumour cell became
flattened (Fig.69). At 48 hours, the crater further enlarged
(Fig.70). At 72 hours, the numbers of tumour cells were
increased, islets of tumour ells were found (Fig.71). The
endothelial cell layer was partly destroyed by NP C cells.
Under the transmission electron microscope, at 3 hours,
the tumour cell began to invade the endothelial layer and
underlying tissue (Fig.72). The basement membrane was fragmented
and part of the elastic membrane appeared to be disrupted. By 9
hours (Fig.73), dense granules were present in the tumour cell
cytoplasm and were concentrated where there was contact the
elastic fibers. At 12 hours, the elastic layer had been
penetrated and the tumour cells were in contact with the
underlying tissue (Fig.75).
4.7 THE INTERACTION BETWEEN MELANOMA CELLS AND BLOOD VESSEL WALL
IN VITRO
Under the scanning electron microscope, the melanoma
cells assumed a spindle shape as they grew on collagen fibers
(Fig.76). One hour after the melanoma cells were seeded on the
vessel wall, they had a spheroidal appearance (Fig.77). At 3
hours, the tumour cells became elongated and penetrated the
endothelial cells by pseudopodia (Fig.78). Occasionally,
penetration of the body of an endothelial cell by the tip of
elongated tumour cells was observed (Figs.79,80). After 12 hours,
some of the melanoma cells remained spherical while most of them
were invading the vessel wall (Figs.81,82). At 48 hours, the
number of melanoma cells increased (Fig.83). At 72 hours, the
tumour cells became more elongated and flattened (Fig.84).
Under the transmission electron microscope, after 1 hour
the melanoma cells had attached to the endothelial layer of the
vessel which appeared to be normal (Fig.85). At 3 hours, the
melanoma cells began to invade the su bendothelial region with
gaps appearing in the basement membrane of the vessel (Fig.86).
After 9 hours, the phagocytic vesicles containing debris were
always found in the cytoplasm of the tumour cells (Fig.87). By 12
hours, phagocytosis had become more prominent (Fig.88) and at 24
hours, the elastic membranes was disrupted with invasion by the
tumuor cells (Fig.89). At higher magnification, the accumulation
of vesicles in the cytoplasm of the tumour cells was present near
the elastic membrane (Fig.90).
4.8 THE INTERACTION BETWEEN THE OESOPHAGEAL CARCINOMA CELLS AND
BLOOD VESSEL WALL IN_ VITRO
Under the scanning electron microscope, when oesophageal
carcinoma cells were grown on collagen fibres they were spherical
at first with abundant microvilli and no blebs were found on
their surface (Fig.91). After the seeding of tumour cells onto
the vessel wall for 1 hour, the tumour cells had attached to the
surface of the endothelial cells and a few blebs were seen on the
tumour cell surface (Fig.92). At 3 hours, the tumour cells were
still spherical in shape with an increasing number of blebs
(Fig.93). At this stage, some of the tumour cells had begun to
penetrate the underlying layer between adjacent endothelial cells
(Fig.94). By 12 hours, the tumour cells had adopted a more
flattened morphology (Fig.95) and at 72 hours, islets of tumour
cells were found (Fig.96).
4.9 INJECTION OF CHORIOCARCINOMA CONDITIONED MEDIUM INTO THE
PERITONEAL CAVITY OF MICE
Under the scanning electron microscope, normal
mesothelial cells contained numerous microvilli. They were
flattened and the cell boundaries were not clearly seen (Fig.97).
When RPMI medium at pH 6.83 was injected into the peritoneal
cavity of mice for 2 hours, contraction of the mesothelial cells
was obvious (Fig.97). They rounded up and a gaps were formed
between cells. The same phenomenon was observed when RPMI medium
at pH 7.29 was injected into the peritoneal cavity of mice after
2 hours (Fig.99). However, it was found that RPMI medium at pH
7.1 did not induced mesothelial cell contraction (Fig.100). When
conditioned medium of choriocarcinoma with a pH 7.1 at 37C and
the same osmotility as the control medium was injected into the
peritoneal cavity of the mice, there was contraction of
mesothelial cells similar to that at the lower or higher pH (Fig.
101).
4.10 THE EFFECTS OF DRUGS ON TUMOUR AND NORMAL CELL INTERACTION
4.10.1 Control
In normal culture, the choriocarcinoma cells attached to
the fibroblast monolayer with filopodia and began to penetrate
the fibroblast monolayer with the development of flattened
lamellipodia (Fig.102). At 6 hours, more extensive invasion was
observed (Fig.103).
4.10.2 Effects of colchicine on fibroblasts and on
choriocarcinoma cells
The fibroblast monolayer was treated with colchicine
(O.lmgml) for 3 hours, before the choriocarcinoma cells were
seeded onto it. After 3 hours, small craters in the fibroblast
layer with a smooth edge were observed near the tumour cells
(Fig.104) and at 6 hours after seeding, the craters became larger
(Fig.105). When the fibroblasts were treated with colchicine
(O.lmgml) for 6 hours, prior to seeding with tumour cells, the
craters were larger and the choriocarcinoma cells became flatter
(Figs.106, 107).
When the fibroblast monolayers were treated with a lower
concentration of colchicine (O.Olmgml) for 3 hours before the
seeding of choriocarcinoma cells, the craters were still found
(Fig.109). After treating the fibroblasts with the same
concentration 6 hours prior to seeding, the craters were not
larger, but the choriocarcinoma cells were flatter (Fig.110,
111).
In the reverse experiment where the choriocarcinoma
cells were treated with colchicine (O.lmgml) for 3 hours before
seeding onto the confluent normal fibroblast monolayer, after 3
and 6 hours, the tumuor cells still penetrated through the
intercellular spaces of the fibroblasts and formed a crater
(Fig.112,113,114,115).
When the choriocarcinoma cells were treated with a lower
concentration of colchicine (O.Olmgml) for 3 hours before being
added to a normal fibroblast monolayer, the tumour cells attached
to the fibroblasts but remained spherical in shape after 3 hours
and no craters were found (Fig.116). After 6 hours of interaction
the tumour cells were still round in shape, but had begun to
penetrate the monolayer (Fig.117). When the choriocarcinoma cells
were treated for 6 hours with the lower concentration of
colchicine and then were seeded onto the fibroblast monolayers,
number of microvilli on the tumour cells were decreased
(Fig.118,119). The tumour cells still maintained their spheroidal
shape even after 6 hours from seeding (Fig.119).
4.10.3 Effect of vincristine sulfate on fibroblast monolayers
and on choriocarcinoma cells
The confluent fibroblast monolayers were incubated for 3
hours at 37C in a medium RPMI containing vincristine sulfate
(O.Olmgml). The treated fibroblasts were rinsed 3 times and the
choriocarcinoma cells were seeded onto them. At 3 hours after
seeding, the choriocarcinoma cells showed a spheroidal morphology
and a small crater was found (Fig.120). After seeding for 6
hours, the choriocarcinoma cells still remained spherical in
shape (Fig.121). When the fibroblast monolayers were treated with
the same drug for 6 hours prior to seeding, the effect remained
the same.
When the choriocarcinoma cells were treated with
vincristine sulfate (O.lmgml) for 3 hours before seeding onto
the fibroblast monolayer, at 3 hours after interaction, the
tumour cells began to attach themselves to the monolayer with
filopodia (Fig.122). At 6 hours, the tumours cells remained
spherical (Fig.123). When the tumour cells were treated with the
same drugs for 6 hours before seeding onto the fibroblast
monolayer, the tumuor cells still remained spherical in shape
after 6 hours( Fig s. 1 24,1 25).
After the choriocarcinoma cells were treated with a
lower concentration of vincristine sulfate (O.Olmgml) for 3
hours, they were seeded onto the fibroblast monolayer. After 3
hours, they retained their spherical shape and had begun to
invade the underlying fibroblasts (Fig.126). At 6 hours, some
tumour cells became flattened (Fig.127). When the tumour cells
were treated with vincristine sulfate for 6 hours prior to
seeding, they remained round in shape at 3 hours after seeding
(Fig.128), while at 6 hours, the edge of the tumour cells started
to flatten (Fig.129).
4.10.4 The effects of cytochalasin B on fibroblast monolayers
and on choriocarcinoma cells
When high concentrations of cytochalasin B (O.lmgml)
were added onto fibroblast monolayer, the fibroblasts became
contracted (Fig.130). When the monolayers were treated with
cytochalasin B at lower concentrations (O.Olmgml;O.OOlmgml),
the contraction of the fibroblasts was less obvious. When
choriocarcinoma cells were seeded on the treated monolayer, they
were still spheroidal at 3 hours and 6 hours after interaction
(Figs.131,132,133,134).
When the choriocarcinoma cells were treated by
cytochalasin B (O.lmgml) for 3 hours, and then seeded onto the
fibroblast monolayer for 3 hours, the microvilli of the tumour
cells were absent (Fig.135). Further, invasion by the tumour
cells was not observed after 6 hours. These features were also
not present when the tumour cells were treated with the same drug
for a longer period (Fig s. 1 36,1 37).
When the choriocarcinoma cells were treated with lower
concentrations of cytochalasin B (O.Olmgml), the tumour cells
attached to the fibroblasts with filopodia after 3 hours
(Fig.138). Six hours following interaction, the tumour cells
became flattened and began to penetrate the underlying cells
(Fig.139). When the choriocarcinoma cells were treated with the
same drug for 6 hours prior to seeding, the phenomena remained
unchanged (Fig s. 140,1 41).
4.10.5 Effects of methyl carbamate (R17934) on fibroblast
monolayers and on choriocarcinoma cells
The fibroblast monolayers were first treated with methyl
carbamate (0.0.mgml) for 3 hours, and then the choriocarcinoma
cells were seeded onto the monolayers. The tumour cells remained
spherical and formed craters in the fibroblast layer (Figs. 142,
143).
When the choriocarcinoma cells were treated with methyl
carbamate (0.1mgml) for 3 hours and 6 hours before seeding, the
tumour cells were round in shape during invasion. When the tumour
cells were treated with lower concentrations of meltyl carbamate
(0.01mgml), the same cell features were observed (Figs.144-148).
V. DISCUSSION
Choriocarcinoma cells have several unique properties, one of
which is a rapid hematogenous metastasis, but the mechanisms have
still to be elucidated. The first stage of metastasis is the invasion
by the malignant cells into the surrounding normal host tissue which
for choriocarcinoma is decidual cells. Decidual cells are derived
from endometrial stroma for the implantation of the fertilized ovum.
The decidualization of the endometrium involves differentiation of
the fibrocytic elements within the stroma into epithelioid decidual
cells. Under the influence of progesterone, HCG and human placental
lactogen (HPL), this reaction transforms the endometrium into the
decidua of pregnancy (Novak et al., 1970). In order to study the
interaction between malignant cells and normal decidual cells, a
model of monolayers of decidual cells has been developed in vitro.
During culture, choriocarcinoma cells attach readily to decidual cell
monolayers and quickly invade them. The ultrastructural studies have
shown that the majority of the tumour cells are seeded onto the
monolayers at or near junctional regions between adjacent decidual
cells. This was followed by the retraction of the decidual cells
leading to the formation of craters which were then occupied by
tumour cells. Subsequently, the tumour cell became flattened and the
craters increased in size. These features were only seen where the
tumour cells had seeded.
The same phenomena were observed when choriocarcinoma cells
interacted with smooth muscle cells. After seeding on monolayers of
smooth muscle cells, the tumour cells were found resting close to the
junctions of the smooth muscle cells. The cytoplasmic processes began
to extend from the cell body and penetrated between adjoining smooth
muscle cells. Later, the edges of the smooth muscle cells retracted
leaving a crater for tumour cells to invade and the tumour cells
became flattened finally resting on the underlying collagen. There
was no evidence to show that the crater was sealed off after the
invasion by the tumour cells. Cellular debris was not found near the
regions of invasion. The choriocarcinoma cells rapidly penetrated the
smooth muscle cells monolayer and invaded the space between the
smooth muscle cells and collagen gel without causing any cell death.
Under the transmission electron microscope, the tumour cells appeared
to squeeze though the intercellular contacts of the smooth muscle
cells without damaging them.
In the process of tumour invasion and metastasis, tumour
cells must undergo a series of steps before they can establish new
tumour colonies at distant host sites. Firstly, tumour cells must
attach themselves to the normal cell surface, followed by retraction
producing craters and exposing the underlying collegen gel. Thus
adhesion of tumour cells to normal cells is no doubt an important
initial step of invasion by the tumour cells. Rat ascites hepatoma
(AH 130) cells when cultured in plastic dishes, did not adhere to the
substrate and grew in suspension. However, when seeded on to
mesothelial cell layers, approximately a half of the AH 130 cells
adhered to mesothelial cells (Hitoshi et al., 19 86). They also showed
that epithelial and connective tissue cells adhered well to
endothelial cell monolayers, a few lymphoid cells adhered, while
platelets were non-adherent. However, malignant cells of varying
metastatic potentials attach rapidly to endothelial cell monolayers
and quickly invade (Nicolson, 19 82). During the process of invasion
and metastasis, choriocarcinoma cells usually interact with decidual
cells and stromal cells such as smooth muscle. It has been shown that
cell-cell interactions are mediated by constituents present on the
cell surface (Nicolson, 1982; Nicolson and Poste, 19 82,19 83; Nicolson
et al., 1984). Attachment may be induced by specific glycoproteins
such as laminin or fibronectin (Terranova et al., 1980,1982). The
matrix components produced by a cell generally reflect its tissue of
origin. Epithelial and endothelial cells synthesize type IV collagen
and laminin found in the subepithelial and su bendothelial basement
membranes respectively (Liotta et al., 19 79; Bernfield et al., 19 72;
G o s p o d a r o wicz et al., 1978; Roll et al, 1980). In contrast,
fibroblasts synthesize fibronectin and type I collagen found in the
interstitium (Stenman S et al., 1978). Hochner-Celnikier and his
associates (1984) detected a massive network of fibrillar surface
fibronectin by indirect immunofluorescence staining of cultured
decidual cells. It has been shown that secretion of fibronectin may
play a role in the implantation (Hochner et al.,1984), and in the
present study it seems that fibronectin may also promote the
attachment of choriocarcinoma cells to the decidual cells. Several
functions have been proposed for fibronectin including cell-cell
aggregation and cell-substrate adhesiveness (Yamada KM et al., 1978).
Choriocarcinoma cells may have fibronectin receptors and use these to
bind to the fibronectin matrix produced by decidual cells as
suggested by Rouslahti (1984). Numerous reports have described the
increased cell adhesion occuring iji vitro in the presence of
fibronectin (Bowersox et al., 1985). It was stated that cell
attachment to plastic surfaces was increased in cells to which
fibronectin was attached. The attachment of B16 cells to tissue
culture dishes was increased after fibronectin crosslinking iii vitro.
Fibronectin crosslinked to cell surfaces retains one component of its
biological activity, namely the promotion of cell attachment.
Besides fibronectin, another type of matrix gly cop rot eins-
laminin cannot be ignored. Laminin is present in most basement
membranes and is confined to the laminin lucida (Foidart, 1980). It
is synthesized by cultured endodermal cells (Sakashita, 1980),
endothelial cells (Foidart et al., 1980; Gospodarowicz et al., 1981)
and also certain tumour cells (Wewer et al., 1981). In the
fib rosarcoma model the expression of laminin on the cell surface
influences the cells metastatic potential (Malinoff et al., 1984).
Barry (1985) found that laminin is synthesized and secreted in
culture by a human choriocarcinoma cells line (JAR). Lamimin is not
only secreted by the tumour cells but also by decidual cells.
Decidualization is associated with pericellular basement membrane
production in man and other placental mammals as well. It has been
shown that mouse decidual tissue is rich in laminin (Wan Y.J et al.,
1983; Wu T.C et al., 1983). Ult r a s t r u c t u r al studies show that
decidual cells indeed contain basement membrane-like pericellular
matrix (Wetch et al., 1985). Therefore it seems that laminin may play
a role in the adhesion of metastatic choriocarcinoma cells to
decidual cells. Laminin is found in conjunction with type IV collagen
in all basement membranes (Foidart et al., 1980). Thus
choriocarcinoma cells may secret laminin which then has a role in
anchoring cells to the collagenous components of pericellular
basement membrane of decidual cells. Another suggestion is that the
choriocarcinoma cells may use laminin receptors, which have also been
demonstrated in other carcinoma cells (Terranova et al., 1983), to
bind to the laminin molecules produced by the decidual cells. Besides
decidual cells, smooth muscle cells also produce extracellular
matrix. Type V collagen was originally obtained from smooth muscle
basement membranes (Chung, 1976) and elastin has also been produced
in culture by smooth muscle cells (Jones et al., 19 79). Elastin is
know to be associated with glycoproteins and proteoglycans in the
extracellular matrix. Smooth muscle cells may secret this extra¬
cellular matrix containing glycoproteins which attaches to the tumour
cells1 surface receptors. A number of investigators have suggested an
essential role for fibrin and platelets in embolus arrest (Chew et
al., 1976). The fibrin-platelet complex often disintegrates before
tumour cells invade the endothelium, thus leaving the tumour cells
'uncovered' in the lumen of the blood vessel (Chew et al., 19 76). It
is more likely that the iri vivo association of platelets and fibrin
with tumour emboli increases the probability of being arrested but is
not necessary for adhesion of the tumour emboli.
The study of the interaction between choriocarcinoma cells
and decidual cells as well as between choriocarcinoma cells and a
smooth muscle cell monolayer, revealed in retraction of the decidual
cells and smooth muscle cells at their intercellular junctions. In an
in vitro study, it has been found that when B16 melanoma cells are
added onto a confluent culture of bovine aortic endothelial cells,
retraction of the underlying cells occurs (Kramer and Nicolson, 19 79;
Nicolson et al, 19 84). The interaction of mouse mammary carcinoma
cells with bovine aortic endothelial cells growing on collagen gels
was studied by Zamora and his associates (19 80). The attachment of
tumour cells was often near the endothelial cells junctions and was
followed by retraction of endothelial cells near the spheroid.
T-lymphoma cell invasion proceeded by streaming though a gap formed
by retraction of endothelial cells in immediate contact with the
invading cell has been reported by Schirrraacher et al(1983).
Hitoshi(1986) has shown that the morphological changes including the
partial retraction of mesothelial cells may well be an essential
event leading to the penetration of the tumour cells beneath
mesothelial cell layers. Easty et al (1982) have reported that tumour
cell lines HN2 and HN6, both derived from squamous carcinomas of the
larynx and tongue, appear to induce a pronounced retraction of the
inner edge of the epithelial ring. Retraction of fibroblasts after
seeding of B16 melanoma cells (Schor et al., 1985; M ok et al.,
1985; 1986) and carcinoma cells (Chew et al., 1982,1985) has also been
demonstrated. Retraction of MDCK epithelial cells after incubation
with Walker 256 tumour cells in culture has also been observed (Elvin
et al., 1985). Strauli et al (1981) have postulated that mesothelial
contraction after intraperitoneal tumour implantation is caused by a
mediator or mediators elaborated in the peritoneal cavity. In the
present study, choriocarcinoma cells attached near the intercellular
junctions of normal cell monolayers. Cytoplasmic processes of the
tumour cells penetrated between the cells with retraction of the
intercellular junctions. It seems likely that tumour cells produce a
retractive factor which induces the underlying normal cells
especially at the intercellular junctions of normal cells to retract
in order to facilitate invasion by tumour cells (Chew et al., 19 84).
The nature of this factor is not clear. It may be a plasma membrane
glycoprotein or a glycoprotein that is produced by the tumour cells.
This could bind to a specific receptor on the cell surface of normal
cells, change the components of the plasma membrane, and disrupt the
cell membrane related microtubules and intermediate filaments,
resulting in the retraction of the decidual and smooth muscle cells.
In an attempt to elucidate this suggestion, conditioned medium of
cultured choriocarcinoma cells was injected into the peritoneal
cavity of mice. This caused contraction of the mesothelium as
compared with the control medium. A possible deduction is that
choriocarcinoma cells produced a retractive factor which caused the
raesothelial cells to contract. In iri vivo studies, contraction of the
raesothelium after intraperitoneal tumour implantation is also a well
known phenomenon. It was first demonstrated by Birbeck and Wheatley
(1965) in mice implanted with the Ehrilich ascites carcinoma and
confirmed by Buck (1973) in rats carrying the Walker 256 carcino¬
sarcoma. Mesothelial contraction of the diaphragm and the abdominal
wall in golden hamsters has been observed after the intraperitoneal
inplantation of lymphoma cells (Lunscken and Strauli, 1975).
Recently, Chew and his associates (1982,1984) have described the
retraction of mesothelial and ectodermal cells of chorioallantoic
membrane of the chick after implantation of Ehrlich ascites tumour
cells and neuroblastoma cells respectively.
The development of tumour metastases represents the lethal
event in the clinical course of most neoplastic diseases. By fully
understanding the mechanisms of metastasis, patients can be treated
efficiently. Tumour cells must complete a series of steps between
leaving the primary tumour site and establishing sufficient growth at
a distant location to develop a clinically significant or detectable
metastasis. If they become detached from the primary tumour, tumour
cells can enter the vascular pathways. Therefore, the study of the
interaction between tumour cells and blood vessel walls is
significant.
Tissue and organ cultures depend upon the diffusion of
nutrients for survival. Cells in monolayers have a much greater
capacity to survive in culture, as compared to whole organs, because
the diffusion of nutrients involves only a single cell layer. In
organ culture, an intact artery with its various cell populations is
useful for short-term studies, whereas monolayer cell cultures are
used for long-term studies with a single cell population in a
controlled environment. Cells that grow out from explants or attach
well to a petri dish surface are usually employed as a monolayer
culture. A blood vessel in an organ culture system retains its
histological structure in the controlled environment.
Malignant tumours are characterized by the ability of their
cells to invade and destroy host tissues and to metastasize to
distant sites. The basic structures which serve as barriers to
invasion can be divided into three classes: (1) organ parenchymal
cells, which include epithelium, endothelium and mesothelium; (2)
basement membranes, which separate these cells from the underlying
stroma; and (3) connective tissue consisting of connective tissue
cells embedded in their extracellular matrix. The first step is for
tumour cells to attach to the matrix. Starkey et al (1984) have
suggested that the presence of polymorphonuclear leukocytes or
activated macrophages leads to a considerable increase in the number
of tumour cells attaching to endothelial cell monolayers in vitro. In
addition, Gorelik et al (1982) found that the intravenous injection
of thioglycollate-elicited macrophages close to the time of an
infusion of tumour cells resulted in an increased number of
metastatic lung colonies. In our present study, the interaction
between macrophages and the endothelial layer of the blood vessel
wall produced a crater for the migration of tumour cells. Interaction
of endothelial cells with activated macrophages and polymorphonuclear
leukocytes may induce changes in the endothelial cell membrane which
cause these cells to become more adhesive for tumour cells. Both
activated macrophages and polymorphonuclear leukocytes produce active
radicals capable of damaging endothelium and altering adhesive
interactions (Sacks et al., 1978; Bowman et al., 1983). The tumour
cell membrane might also be altered as a result of interaction with
activated macrophages and polymorphonuclear leukocytes during
spheroid formation (Starkey et al., 1984). However, many
investigators have suggested that attachment may be mediated by
specific glycoproteins such as laminin or fibronectin. It has been
reported that endothelial cells produce laminin (Alitalo et al.,
1980) and carcinoma cells may use laminin receptors to bind to these
laminin molecules (Terranova et al.,1983). In a study of the
interaction between different urinary bladder carcinoma cell lines
and the HeLa cell line with the amniotic epithelium, Schleich et al
(1981) have shown that there is a variable between the cell lines in
their mechanisms for invading the amniotic epithelium. The HeLa cell
aggregates select one area between two epithelial cells and push the
healthy normal cells aside. However the urinary bladder carcinoma
cell aggregates settle tightly alongside the epithelial cells and
replace the degenerated epithelial cells underneath. Furthermore,
some tumour cells penetrate and migrate underneath the epithelial
layer, proliferating and lifting the degenerated epithelium. In the
present investigation, the choriocarcinoma cells pushed the
endothelial cells aside and migrated underneath the endothelial layer
by means of pseudopods. The appearance of degenerated endothelial
cell fragments phagocytosed by the tumour cells indicates that
enzymatic degradation may be involved. Recently, certain lytic
enzymes secreted by malignant cells such as collagenase, plasminogen
activator, and cathepsin B have been suggested as playing vital roles
in the process the invasion of malignant cells. Following attachment,
the tumour cell secretes hydrolytic enzymes which can locally degrade
the matrix including degradation of the attachment glycoproteins
(Jones et al., 1980; Kramer et al., 1980). Such enzymes are either
membrane bound or secreted. Degradation of the matrix takes place in
a highly localized region close to the tumour cell surface where the
amount of active enzyme outbalances the natural protease inhibitors
present in the serum and in the matrix itself (Liotta et al., 1982).
In order to move through the wall of blood vessels, tumour cells must
penetrate the subendothelial basement membrane. Therefore, tumour
cell penetration of extracellular matrix occurs at multiple stages in
the metastastic process.
Many investigators are studying the interactions between
tumour cells and matrix in order to gain some insight into the
mechanism of tumour cell invasion. The host extracellular matrix is a
mechanical barrier which does not normally contain pre-existing
passageways for cells. Cell movement in the matrix only becomes
active when there are specific conditions such as normal tissue
remodeling, wound healing, inflammation and neoplasia. Cell
infiltration of the matrix undoubtedly depends on a variety of
factors including cell motility, character of the specific tissue
matrix, chemotactic factors and cell-cell interactions. Since it is
unlikely that cell motility alone can provide a means of penetrating
the matrix barriers, it has been postulated that such penetration is
accomplished by the local release of hydrolytic enzymes which
solubilizes the matrix. Destruction of the extracellular matrix is
important in tumour cell invasion. Connective tissue glycoproteins
including fibronectin and laminin are sensitive to a wide variety of
tissue proteinases including cathepsin and plasmin. Sloane et al
(1981,1982) have found that cathepsin B activities are three times
higher in the dispersed cells from tumours formed from the high lung
colonizing B16-F10 variant, and four times higher in lysosomal
preparation made from these same tumours, than in tumours formed from
the low-colonizing B16-F10 variant. It has also been demonstrated
that malignant breast cancer lesions secrete up to 11 times the
amount of cathepsin B than benign breast lesions or surrounding
normal tissues (Poole et al., 1978). Besides cathepsin, plasmin may
also be involved in the degradation of the endothelial cells and the
extracellular matrix. Kaplan (1944) and Christensen (1945) were the
first to show that plasma contains an inactive enzyme, plasminogen,
which can be converted by plasminogen activator to an active
proteinase, plasmin. Plasmin is a neutral proteinase capable of
digesting many protein substrates such as glycoproteins and
proteoglycans. It may also be involved in the activation of certain
other zymogens such as procollagenase (Werb et al., 1977; Paranjpe et
al., 1980). Thus plasmin could play an important role in matrix
degradation by regulation of other proteases. It shoud be noted that
the hydrolysis of connective tissue glycoproteins such as fibronectin
and laminin may expose other matrix proteins to their specific
proteases. Plasminogen activator activity has been demonstrated to be
significantly higher in malignant esophageal carcinoma cells as
compared with that in normal epithelial cells (Haffejee et al., 1982)
and those cells with higher tumorigenicity in nude mice (Robinson et
al., 1982). This activator is also higher in B16 melanoma cells (Wang
et al., 1980). These findings may suggest that the plasminogen
activator produced by the invading esophageal carcinoma cells and
melanoma cells converts plasminogen to plasmin which degrades the
plasma membrane of the endothelial cells of the blood vessel walls.
In order to penetrate through the vessel wall, tumour cells
have to pass through the basement membrane. It has been suggested
that cathepsins and plasmin cleave laminin and fibronectin (Jones and
Clerck,1982). A type IV collagenolytic metalloproteinase has been
identified in highly metastatic tumour cells (Liotta et al., 1981;
Salo et al., 1983) which may also participate in the dissolution of
the type IV collagen fibers in the lamina densa of the basement
membrane. Thus tumour cells may destroy the basement membrane by
enzymatic action.
Besides the degradation of basement membrane, the invading
tumour cells also have to break down interstitial collagen types I,II
and III. Collagenase capable of cleaving type I collagen has been
extracted from human choriocarcinoma cell lines (Sekeya et al.,
1985). It seems that the invasive potential of choriocarcinoma cells
correlates well with the amount of collagenase secreted by the cells.
Tumour cells may recruit normal host cells such as
fibroblasts or macrophages which can produce hydrolytic enzymes.
Indeed, fibroblast cultures derived from human basal cell carcinomas
demonstrate an increased capacity to synthesize and secrete
collagenase (Bauerm et al., 1979). Since the secretion of collagenase
and plasminogen activator by fibroblasts can be stimulated by
proteolytic enzymes such as plasmin (Newsome et al., 19 79), enhanced
tumour cell proteolytic activity may induce protease production by
normal stromal cells. The invasion and penetration of normal tissues
and break down of basement membranes by malignant cells are likely to
require the active participation of hydrolytic enzymes produced by
fibroblasts. It is possible that the complete degradation of the
matrix will require the action of more than one enzyme due to the
differing susceptibilities of matrix to tissue proteinases.
The invasion of decidual cells, smooth muscle cells and
blood vessel walls by the choriocarcinoma and other tumours cells
involves not only enzyme degradations, but also pseudopod-directed
cellular locomotion, a change of shape of tumour cell and the
possibility of the secretion of a 'retractive factor'. It has been
suggested that the extracellular matrix may influence both the
transcription and translation processes in degradative enzymes
synthesis (Bissell et al., 1982) As a result, the interaction
with the extracellular matrices may induce the synthesis of
digestive enzymes and morphological changes. The locomotion and
shape changes is related to the cytoskeleton of the cells.
However, the considerable evidence has revealed an association
between the extracellular matrix and the cytoskeleton. It has
been shown that there is a close relationship between the
microfilaments inside the cells and the fibronectin fibers
outside (Hynes and Destree, 1978; Singer, 1979). Evidence that
the extracellular matrix elicits a functional response by
directly altering the cytoskeleton comes also from studies
showing that the addition of fibronectin to transformed cells
cultures leads to a flattened morphology accompanied by rapid
accumulation of actin bundles (Yamada et al., 1978). From these
studies, it seems reasonable to suggest that the fibronectin
which is secreted by decidual cells and that present in the
extracellular matrix bind the receptors of choriocarcinoma and
other tumour cells causing morphological changes.
Invasion of host tissues and the establi sh erne nt of
metastases are a multistep phenomenon involving many tumour cell
properties such as growth, attachment, locomotion, secretion of
tissue-degrading enzymes and others. No single property suffices
to explain invasiveness and metastasis, but the capability to
move is considered to be an important factor. It has been
postulated that the microtu ble-microfilament system plays a
pivotal role in controlling the various cellular manifestations
of malignancy (Puck et al., 19 77). Recent studies on human
colonic epithelial cells or murine melanoma cells suggest that
the degree of actin organization is inversely related to their
metastatic capabilities (Volk et al., 1984; Friedman et al.,
1984). Singer et al (1984) found that the fibronexus which is a
very close transmembrane association of individual extracellular
fibronectin fibers and actin microfilaments, was an important in
vivo cell surface adhesion site in wound repair, and perhaps
within fibronectin-rich tissues during embryogenesis, tumour
growth, and inflammation. They suggested that the acto-
fibronectin fibers were localized at the perimeters of the
myofibroblasts, and along their long attenuated processes which
extend from either end of the cell outward into the surrounding
extracellular matrix. The binding of fibronectin to the plasma
membranes of fibroblasts that enter the wound causes fibronexus
formation and the subsequent generation of prominent actin
microfilament bundles. It has been postulated that heparin
sulfate proteoglycans (HSPG) mediates cell adhesion by bonding
cell surface fibronectin and plasma-derived fibronectin absorbed
onto the substratum, i.e., the bounding being cell-fibronectin-
HSPG-fibronectin (Culp et al., 19 79). Thus in terms of
external-internal co-organization in dynamic situations during
spreading, HSPG possibly mediated the attachment of fibronectin
to the cell membrane and co-ordinates cell surface matrix
organization with the internal cytoskeleton. Some cell surface
proteins are relatively immobile (Schlessinger et al., 19 77; Jung
et al., 1984) and are not released by detergent extraction of
cells (Ben-Ze'ev et al., 1979). This suggests that they are
firmly attached to the cytoskeleton. Immobilization and detergent
resistant attachment of additional membrane proteins can be
induced by interaction with extracellular matrix (Jung et al.,
1984; Edelmen et al., 1976; Jesaitis et al., 1984). Binding to
such a matrix may result in the transport of cell surface
proteins to one side of the cell (capping) and when this occurs
co-capping of cytoskeleton proteins is seen (Bourguignon et al.,
1977;1982), again indicating a linkage between membrane proteins
and the cytoskeleton. Roos et al (1985) have suggested that
surface glycoproteins may actually be localized to particular
membrane domains associated with underlying filaments. Previous
studies have shown that three separable events occur during cell
rounding: (1) loss of fibrillar extracellular matrix fibronectin,
(2) break up of an ordered array of membrane glycoproteins which
are ricin receptors (3) and break up of actin stress fibers
(Badley et al., 1980). In the present study, since fibronectin
has been found on the surface of many cells and in the extracellu
-lar matrix, it seems that the contracting and rounding up of
mesothelial cells, which occurred after injecting the conditioned
medium of cultured choriocarcinoma cells into the peritoneal
cavity of mice, was not due to the lack of fibronectin. However,
the 'retractive factor' must not be ignored. Several possible
mechanisms of 'retractive factor' may be postulated. Firstly, it
may bind the ricin receptors on the cell surface of the
mesothelial cells and other normal cells, e.g. decidual cells and
smooth muscle cells, and break up an ordered array of the
membrane's glycoproteins. This may be followed by the disruption
of the cell membrane related microtubules and intermediate
filaments, and finally the normal cell will be made to retract
and round up. The second possibility is that the 'retractive
factor' may block the binding site of fibronectin to the plasma
membranes of normal cells e.g. fibroblasts and disrupt the
fibronexus formation. Subsequently this could cause disarrange¬
ment and degeneration of the actin microfilament bundles,
resulting in the cell retracting. The third possibility is that
the 'retractive factor' may block or destroy HSPG and thus
prevent the co-ordinated cell surface matrix from organizating
with the internal cytoskeleton.
The function of the cytoskeleton at the cellular level
includes cell locomotion, maintainance of cell shape,
membrane-related functions. The cytoskeleton consists of three
types of filamentous structures namely microfilaments,
intermediate filaments and microtubules. Actin, from which
microfilaments are formed, and tubulin, from which microtubules
are formed, are highly evolutionary conserved proteins. Actin
microfilaments form associations with the plasma membrane of a
wide variety of cells, and these associations are important in
the determination of cell shape, cell motility, and cell-cell
adhesions. The most active region of the cell in movement is the
leading laraellipodium. This area is very rich in actin filaments
in the form of dense webs and small bundles (Small et al., 1981;
Abercrombie et al., 1970; 1971; Lindberg et al., 1979). It is
generally accepted that microfilaments are intimately involved in
the force-generating system necessary for cell locomotion. The
actin filaments may bind and interact with membrane proteins to
regulate their movement and perhaps control transmembrane
regulation of events in the cytoplasm and nucleus (Brinkley,
1982). It has been shown that cancer cells are strongly positive
for actin and myosin and do not stain with normal human serum
(Brinkley, 1982). These findings indicate that malignant cells
contain an increased amount of contractile proteins organized in
the form of a microfilamentou s apparatus and may be related to
such functions as cell movement, endocytosis or exocytosis.
Geiger et al.,(1984) have suggested that microtubules are not
essential for establishment of substrate contacts or for the
formation of membrane protrusions but are necessary for
directional movements. This means that microtubules may play a
role in the spatial coordination of polarized contact formation.
The locomotive activity of tumour cells may represent an
important factor for invasiveness and metastasis. It has been
suggested that the raicrotu bule-microfilament system plays a
pivotal role controlling various cellular manifestations of
malignancy (Puck et al., 1 9 77). Keller( 1986) showed that
microtubule- disassembling agents can elicit chemokinesis and a
type of front-tail polarization characterized by formation of
blebs at the front of the cell. Similar reponses have previously
been observed in blood-borne humen granulocytes (Keller et al.,
1984). As in leukocytes, cytochalasin B or taxol was found to
suppress polarization and locomotion of Walker carcinosarcoma
cells (Keller et al.,1984). It has been shown that disassembly of
microtubules activates the raicrofilaraent-dependent motility.
Therefore it seems possible that this may influence the shape and
locomotor activity of cells. In the present study, drugs to
interrupt the cytoskeletons of normal cells and tumour cells were
used, in order to study the effects of drugs on tumour cell
invasion.
Cytochalasin B has long been used as a probe for
studying actin-based motility and cytoskeletal structure (Weihing
et al., 1976). It is generally agreed that the cytochalasins slow
the rate of filament polymerization by inhibiting the rate of
elongation (Brenner et al., 1979; Brown et al.,1979; 1982). The
dogma of the interaction of cytochalasin B with actin is that it
binds the barbed end of the actin filament with high affinity,
thereby stopping monomer addition. Thus, the cytochalasin B
effect is often equated with that of the high affinity capping
proteins (Korn et al.,1982). Cytochalasin B has also been
reported as altering the functional properties of plasma
membranes. For example, cytochalasin B produced changes in
plasma membrane osmotic fragility and deformability (Beck et al.,
1972); alterations in surface membrane components (Mayhew and
Maslow, 1974) and changes in surface contractility (Bluemink,
1971). In veiw of this, cytochalasin B was used for studying the
invasion of choriocarcinoma cells in the present investigation.
When these cells were treated with cytochalasin B with higer
concentration (O.lmgml), the microvilli disappeared and invasion
was delayed. Membrane associated polymerization of actin appears
to mediate the extension of microvilli in the brush border
(Tilnay and Cardell, 1970). Goeh et al.,(1985) showed that
cytoskeleton-associated glycoprotein and actin were present in
the microvilli and played an important role in the formation and
stabilization of their structure. Thus the delay in invasion by
tumour cells is probably due to the disruption of actin filaments
by cytochasin B. However, the delay in penetration of tumour
cells into cytochalasin B-treated fibroblast monolayer was
probably due to residual drugs in the monolayer even though it
was rinsed several times.The retraction of fibroblasts after the
treatment of cytochalasin B may indicate that the drug was
insufficient to inhibit the action of actin filaments.
Several studies on In vitro and in vivo invasiveness
have suggested that microtubule-disassembling agents would
inhibit invasion (Mareel et al.,1978; Atassi et al.,1982).
However, other investigators found that microtubule-disas s em bling
drugs stimulate locomotion of Walker carcinosarcoma cells (Keller
et al.,1986). The question whether locomotion of cells is
stimulated or inhibited by microtu bule-disassembling agents is
indeed highly controversial. Keller et al associates (1984)
demonstrated that locomotion of leukocytes was stimulated if they
were initially nonmotile, unchanged if the cells were migrating
at low speed, and slightly inhibited in fully stimulated
leukocytes. In the present study, when the tumour cells and
fibroblasts were exposed to microtu bule-disassembling drugs such
as vincristine sulfate, colchicine and methyl carbamate
separately, the tumour cells still penetrated and invaded the
fibroblast monolayer. The fibroblasts retracted and formed
craters for the tumour cells to invade. It seems that the
mechanism of tumour cell invasion may not only involve a single
factor or one structure, but many factors and many structures.
The present study has been limited to the
morphological aspects of tumour cell invasion. However, it has
provided an overview on the interactions between tumour cells and
blood vessel walls as well as other normal cell types. Further
studies on the characterization of the 'retractive factor' by
biochemical methods should be pursued.
VI. CONCLUSION
A study of the invasive behaviour of the tumour cells
into normal cells (ie. decidual cells, smooth muscle cells,
fibroblasts and blood vessel walls) has shown that tumour cells
change their morphology during invasion. The tumour cells first
attach onto the host cells with filopodia and then become
flattened. The presence of degenerated endothelial cell fragments
within the tumour cells suggests that enzymatic degradation is
involved. In addition, retraction of the normal cells induced by
the tumour cells and medium harvested from a tumour cell culture
have also been observed. It seems likely that the tumour cells
produce a 'retractive' factor which induces the underlying normal
cells to retract in order to facilitate the invasion by the
tumour cells. Locomotion and shape changes are related to the
cytoskeleton of the cells. The locomotive activity of tumour
cells may represent an important factor for invasion and
metastasis. It has been suggested that the microtubule-
microfilament system plays a crucial role in controlling the
various cellular manifestations of malignancy. When drugs were
applied to disrupt the normal action of the cytoskeleton,
retraction of fibroblasts was still observed. It seems likely
that the mechanism of cell retraction may involve more than one
factor. In this study, the interaction between tumour cells and
blood vessel walls has been described. Further study on the
characterization of the 'retractive factor1 by biochemical
methods is indicated.
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ILLUSTRATIONS
Fig.1 SEM of a confluent layer of choriocarcinoma cells (JAR)
growing on collagen gel. Cells appear polygonal in shape.
Surface microvilli varying in number and length are seen
(MV). Bar=10um.
Fig.2 TEM of adjacent of choriocarcinoma cells showing
desmosomes (arrow). x 10,800
Fig.3 TEM of choriocarcinoma cell showing scattered bundles of
tonofilaments (tf) in the cytoplasm. x 6,525
23
Fig.4 Plase-contrast micrograph of a monolayer of decidual cells
showing bi-nucleated decidual cells (arrows). x 240
Fig.5 TEM of decidual cells with bulbous cell processes (arrow).
The cytoplasm contains numerous free ribosomes and
variable amounts of glycogen. x 4,350
Fig.6 SEM of decidual cells on a cover slip. They have smooth
surfaces. Bar=10um.
Fig.7 Plase-contrast micrograph of choriocarcinoma cells
(arrow) immediately after seeding onto the monolayer of
decidual cells. x 240
45 7
Fig.8 SEM of choriocarcinoma cells (Tu) 1 hr after seeding onto
a monolayer of decidual cells. Most of the tumour cells
retain their spherical shape. Filopodia (f) extending fron
the tumour cell body towards the monolayer are seen.
Bar=10um.
Fig.9 SEM of choriocarcinoma cells (Tu) 3 hours after seeding
onto the monolayer of decidual cells (D). A small crater
is formed by retracted decidual cells.
Bar=10um.
Fig.10 SEM of flattened choriocacinoma cells (Tu) lying in a
crater left by the retracted decidual cells (D) at 6
hours. Note that the edge of the crater is smooth (a) and





Fig.11 SEM of flattened choriocarcinoma cell (Tu) lying in a
large crater formed by retracted decidual cells (D) at 9
hours. Bar=10um.
Fig.12 Phase contrast micrograph showing many tumour islets (I)
at 12 hours. x240
Fig. 13 SEM of flattened tumour cells lying in a large
crater left by the retracted decidual cells (D) at 24
hours. Bar=10um.





Fig. 15 TEM of smooth muscle cells showing elongated, narrow,
spindle-shaped cells. Each smooth muscle cell has a
single, elliptically-shaped nucleus. x5,800
Fig.16 A higher power view showing sarcolemma (a), myofilaments







Fig. 17 SEM of a confluent layer of smooth muscle cells growing
on collagen gel. Cells are closely apposed with
cytoplasmic processes (p) at cell contacts.
Bar=10um.
Fig.18 Phase contrast micrograph showing round choriocarcinoma
cells (arrow) on the confluent layer of smooth muscle
cells immediately after seeding. x240
Fig.19 SEM of choriocarcinoma cells at 1 hour showing filopodia
(f) anchoring onto underlying smooth muscle cells.
Bar=10um.
Fig.20 SEM of choriocarcinoma cells at 3 hours after seeding.
The tumour cells have begun to invade the monolayer of
smooth muscle cells at cell contacts (arrow). A small
crater is found. Bar=10um.
17
18.
Fig.21 At 6 hours, tumour cells continue to invade the monolaye
nf smnnf-h miisrlp pp113. Rar=10um.




Fig.23 At 9 hours after interaction, a crater is found exposip
underlying collagen (C). Bar=10um.
Fig.24 Flattened tumour cells are found at 12 hours. Bar=10un

Fig.25 SEM of choriocarcinoma cell lying on the exposed collagen
(C) at 24 hours. The retraction of smooth muscle cells
is more prominent. Bar=10um.
Fig. 26 TEM showing choriocarcinoma cell with numerous microvilli
(arrow). The choriocarcinoma cell begin to penetrate into




Fig.27 Light micrograph of a section of abdominal aorta of the
rat. Immunoperoxidase staining (brown) of the
endothelial cells (arrow) with the antibody against
Factor VIII related antigen. x240
Fig. 28 Blood vessel after culture for 1 day with the wall intact
as shown fcy immuno peroxidase staining against Factor
VIII related antigen. x960
Fig.29 Endothelial cells (arrow) of the blood vessel wall is
still well perserved after 2 days in culture. PAP stain




Fig.30 SEM of blood vessel wall 1 hour after culture. The
surface of the vessel wall is smooth. Bar=10um.
Fig.31 A higher power view of part of Figure 30 showing small
microprojections (thin arrow). The endothelium forms a
continuing layer with no gaps between cell junctions
(thick arrow). Bar=10um.
Fig.32 TEM of endothelial cells (E) showing processes (a)
projecting from the luminal surface. The base of the cell
has many small foot-like processes (b), a thin basement







Fig. 33 SEM of endothelium showing smooth surface at 3 hours in
culture. Bar=10um.
Fig.34 A higher power view of part of Figure 33 showing
endothelium as a continuous layer with no gap between
cell junctions (arrow). Bar=10um.





Fig.36 SEM showing raicroprojections (arrow) at cell junctions
after culture for 12 hours. Bar=10um.
Fig.37 TEM of endothelial cell showing some mitochondria (a) and





Fig.38 SEM showing that the blood vessel wall is well preserved
at 24 hours. Bar=10um.
Fig.39 TEM of blood vessel wall with intact endothelial layer at
24 hours. x2,850
Fig.40 A higher power magnification of part of Figure 39 showing




Fig.41 SEM of the surface of intact endothelial cells at 72
hours. Bar=10um.
Fig.42 TEM of flattened endothelial cell with numerous rougl




Fig.43 SEM of choriocarcinoma cell (Tu) seeding on the surface
of blood vessel wall at 3 hours. The tumour cells are
attached to the endothelial cells by filopodia (arrrow)
Bar=10um.
Fig.44 SEM of choriocarcinoma cell invasion at 9 hours
after interaction. Bar=10um.
Fig.45 SEM of invading choriocarcinoma cell at 12 hours. The





Fig.46 At 72 hours, tumour cells further spread out
Bar=10um.
Fig.47 At 96 hours, tumour cells occupying a large part of the
surface of blood vessel wall. Bar=10um.
46
47
Fig.48 TEM of endothelial cell (E) showing a normal appearance
The choriocarcinoma cells (Tu) were seeded at 1 hour.
x5,800
Fig.49 TEM of choriocarcinoma cells (Tu) showing phagocytosis a
1 hour after seeding. x3,800
49
Hi
Fig.50 TEM of choriocarcinoma cells (Tu) showing abundant
mitochondria (m). The elastic membrane (E) appears
disintegrated and the tumour cells contain many
phagocytic-like vesicles (V). x5,800
Fig. 51 TEM showing detachment of the endothelial cells (E) 3
hours after interaction. x 5.800
50
51
Fig.52 TEM of a choriocarcinoma cell (Tu) covering a large par
of the exposed subendothelial area and degenerating
endothelial cells (E) are observed at 6 hours.
x 5,800
Fig.53 TEM of a choriocarcinoma cell (Tu) invading at an endo¬
thelial cell (E) junction at 12 hours,
x 5,800
52
Fig.54 TEM of a choriocarcinoma cell (Tu) engulfing ar
endothelial cell (E) at 12 hours. x 5,800
Fig. 55 Endothelial cells (E) appearing to be degenerating and






Fig.56 A higher power view of part of Fig.55 showing
phagocytosis at the tumour cell (Tu). x 9,600
Fig.57 Digestion of elastic membrane (E) by a tumour cell (Tu)




Figs.58,59 Further digestion of the elastic membrane (E) by
tumour cells at 30 hours. Fig.58 x 11,600
Fie.59 x 2.850
Fig.60 At 96 hours, the blood vessel wall is disrupted and
choriocarcinoma cells (Tu) are found beneath the
elastic membrane. x 2,850
58 59
Fig.61 SEM showing spherical macrophages (M) 3 hours after
seeding on a blood vessel in culture.
Bar=10um.
Fig.62 SEM of macrophages (M) attaching to endothelial cells
after 12 hours of interaction.
Bar=10um.
Fig.63 At 24 hours, macrophages begin to penetrate the
endothelial layer at a cell junction (arrow).
Bar=10um.
Fig.64 Invasion ty macrophages appears more marked at 48 hours.
The endothelial cells (E) is relatively normal.
Bar=10um.

Fig.65 SEM of a NPC cell (N) penetrating endothelial cell
layer at 3 hours. The tumour cell seems to penetrate
the body of the endothelial cell and to emerge through
the same cell (arrow). Bar=10um.
Fig. 66 A crater containing tumour cells 3 hours after
interaction. Bar=10um.
Fig.67 At 6 hours, the crater increases in size. Degenerating
endothelial cells (D) are seen at the site of invasion.
Bar=10um.
Fig.68 At 9 hours, the crater enlarges resulting in the exposure
of subendothelial tissue (El). Bar=10um.

Fig.69 SEM of a flattened NPC cell (N) at 12 hours.
Bar=10um.
Fig. 70 SEM of showing a large crater containing a NPC cell (N)
at 48 hours. Bar=10um.
Fig.71 SEM showing numerous of islets of tumour cells after 72
hours of interacton. Bar=100um.

Fig.72 TEM of a NPC cell (N) invading the endothelial layer (E)
and subendothelial tissue at 3 hours. x 5,800
Fig.73 TEM of a NPC cell (N) showing direct contact between th
tumour cell and elastic fibers. x 7.200
72
73
Fig. 74 Part of the elastic membrane (El) has been removed by a
humAiir Afll 1 fKH at 1? hnnrfi. X 14.400
Fig.75 The layer of elastic membrane (El) is disrupted by a




Fig.76 SEM of melanoma cells growing on collagen fibers. Most
of the tumour cells are spindle in shape.
Bar=10um.
Fig.77 SEM of melanoma cells (M) seeded onto the surface of a
blood vessel wall (V) for 1 hour. Bar=10um.
Fig.78 At 3 hours, the tumour cells become elongated and begin
to invade the endothelial cells by pseudopodia (arrow).
Bar=10um.
Fig.79 At 6 hours, part of the of a tumour cell (T) has
penetrated the endothelial cell layer (E). Bar=10um.

Fig. 80 SEM showing a melanoma cell (M) penetrating the endothe¬
lial cell layer (E). A crater is seen. Bar=10um.
Figs.81.82 Most of the melanoma cells have invaded the blood
vessel wall and only a few spherical ones remain on
the surface of endothelial cells. Bar=10um.

Fig.83 Tumour aggregates lying in large craters after 48 hours,
Bar=10um.






Fig.85 TEM of part of a melanoma cell (M) anchoring onto the
endothelial layer of the blood vessel 1 hour after
seeding. The endothelial cells (E) appear to be normal,
x 2,800
Fig.86 At 3 hours, a melanoma cell (M) begins to invade the sub-
endothelial layer. The basement membrane of the vessel is





Fig.87 TEM of a melanoma cell (M) containing phagocytic vesicles
with debris (arrow) in the cytoplasm after 9 hours,
x 3,800




Fig.89 TEM showing disruption of the elastic membrane by turaou
cell after 24 hours of interaction. x7,200
Fig.90 A higher power magnification showing accumulation of
vesicles (arrow) in the cytoplasm of tumour cells
near the elastic membrane. x 11.600
89
Fig.91 SEM of oesophageal carcinoma cells (E) growing on
collagen fibres, the tumour cells are spherical and
contain abundant microvilli.
Bar=10um.
Fig.92 SEM of an oesophageal carcinoma cell (E) seeded onto a
blood vessel wall for 1 hour. The tumour cell contains
only a few blebs on its surface (arrow). Bar=10um.
Fig.93 At 3 hours, the tumour cells are still spherical in
shape but have more blebs. Bar=10um.
Fig.94 After 6 hours, the tumour cells begin to penetrate the
endothelial layer through the cell junctions (arrow).
Bar=10um.

Fig.95 SEM of an invading oesophageal carcinoma cell (E) showing
a more flattened morphology at 12 hours. Bar=10um.
Fig.96 At 72 hours, an islet of tumour cells (arrow) is found.
The endothelial cells appear normal. Bar=10um.
Fig.97 SEM of normal mesothelial cells of peritoneum showing
numerous microvilli. The mesothelial cells are covered
with microvilli and the cells boundaries are not clearly
seen. Bar=10um.

Fig.98 SEM of contracted mesothelial cells 2 hours after
injection of RPMI medium at pH 6.83 into the peritoneal
cavity of mice. Bar=10um.
Fig.99 The same phenomenon is observed when RPMI medium at pH
7.29 is injected into the peritoneal cavity of mice for
2 hours. Bar=10um.
Fig.100 RPMI medium at pH 7.1 did not induced mesothelial cells
contraction when it is injected into the peritoneal
cavity of mice for 2 hours. Bar=10um.
Fig.101 Contraction of mesothelial cells was observed after
injecting the conditioned medium of choriocarcinoma
cells with pH 7.1 at 37°C into the peritoneal cavity
of mice for 2 hours. Bar=10um.

Fig.102 SEM of a choriocarcinoma cell (C) 3 hours after seeding
on the fibroblast monolayer (F). Bar=10um.
Fig. 103 At 6 hours, the tumour cell (C) becomes flattened.
Bar=10um.

Fig.104 SEM of choriocarcinoma cells 3 hours after seeding on a
fibroblast monolayer (F) which has been treated with
colchicine (O.lmgml) for 3 hours. A small crater is
observed. Bar=10um.
Fig.105 At 6 hours after the seeding of tumour cells, a larger
crater is seen. Bar=10um.
Fig.106 SEM showing a choriocarcinoma cell 3 hours after seeding
on fibroblasts which have been treated with colchicine
(O.lmgml) for 6 hours. A crater is prominent.
Bar=10um.
Fig.107 At 6 hours, a choriocarcinoma cell is underlapping an
adjacent fibroblast. Bar=10um.

Fig.108 SEM showing choriocarcinoma cells 3 hours after seeding
onto a fibroblast monolayer which has been treated with
colchicine (O.Olmgml) 3 hours previously.
Bar=10um.
Fig.109 The smooth crater is observed in the fibroblast
monolayer 6 hours after the seeding of choriocarcinoma
cells. Bar=10um.
Fig.110 The appearance of a choriocarcinoma cells 3 hours after
interaction with a fibroblast monolayer which has been
treated with the same drug as described in Fig.108 for 6
hours. The tumour cells are spindle in shape.
Bar=10um.
Fig.Ill The tumour cells become flattened after seeding for 6
hours. Bar=10um.

Fig.112 The choriocarcinoma cells are treated with colchicine
(O.lmgml) for 3 hours before seeding onto the confluent
normal fibroblast monolayer. The tumour cell begins to
invade the fibroblast layer. Bar=10um.
Fig.113 After seeding for 6 hours, tumour cells become
flattened. Bar=10um.
Fig.114 The choriocarcinoma cells were treated with colchicine
(O.lmgml) for 6 hours before seeding. The tumour cell
begins to invade 3 hours after interaction. Bar=10um.
Fig.115 The tumour cells become flattened after 6 hours.
Bar=10um.

Fig.116 Choriocarcinoma cells which have been treated with
colchicine (0.Olmgml) for 3 hours and seeded onto a
normal fibroblast monolayer for 3 hours. A tumour cell
is seen anchored onto fibroblasts but is still
spherical in shape. Bar=10um.
Fig.117 After 6 hours, the tumour cell begins to penetrate the
monolayer. Bar=10um.
Fig.118 When the choriocarcinoma cells are treated with
colchicine (0.Olmgml) for 6 hours, the number of their
microvilli are reduced. Bar=10um.
Fig.119 A tumour cells still maintaining a spherical shape even
after 6 hours of interaction. Bar=10um.

Fig.120 A confluent fibroblast monolayer treated with
vincristine sulfate (O.Olmgml) for 3 hours, follewed by
seeding with chroiocarcinoma cells. At 3 hours, the
tumour cells remain spheroidal and a small crater
is found. Bar=10um.




Fig.122 Choriocarcinoma cells treated with vincristine sulfate
(O.lmgml) for 3 hours before seeding onto a fibroblast
monolayer. 3 hours after seeding, a tumour cell begins
to attach to the monolayer with filopodia (f).
Bar=10um.
Fig.123 At 6 hours, the tumour cells remain spherical. The
filopodia increase in number. Bar=10um.
Figs.124.125 Tumour cells treated with the same drug as
described in Fig.122 for 6 hours before seeding
onto the fibroblast monolayer. They still remain
spherical in shape after 3 hours and 6 hours of
interaction. Bar=10um.

Fig.126 Choriocarcinoma cells treated with vincristine
sulfate (O.Olmgml) for 3 hours, then seeded on a
fibroblast monolayer. The tumour cells retained their
spherical shape after 3 hours. Bar=10um.
Fig.127 At 6 hours, some tumour cells begin to flatten.
Bar=10um.
Fig.128 Tumour cells treated with the same drug for 6
hours. The tumour cells remain round in shape at 3
hours after seeding. Bar=10um.
Fig.129 At 6 hours, the tumour cells begin to flatten.
Bar=10um.

Fig.130 Contraction of fibroblasts after addition of a high
concentration of cytochalasin B (O.lmgml). Bar=10um.
Fig.131 Mild contraction of fibroblasts after the treatment with
cytochalasin B (O.Olmgml) for 3 hours. Bar=100um.
Fig.132 The tumour cells still spheroidal after seeding for
6 hours. Bar=10um.
Fig.133 A fibroblast monolayer treated with the same drug for a
longer period (6 hours). The tumour cells still remain
round in shape after seeding for 3 hours. Bar=10um.

Fig.134 A monolayer is treated with same drug for 6 hours.
The tumour cells begin to invade the underlying layer
6 hours after seeding. Bar=10ura.
Fig.135 Choriocarcinoma cells treated with cytochalasin
B (O.lmgml) for 3 hours, and then seeded onto the
fibroblast monolayer for another 3 hours. The microvilli
of the tumour cells are absent. Bar=10um.
Figs.136.137 Invasion of tumour cell is not observed when tumour
cells are treated with the same drug for 6 hours.
Bar=10um.

Fig.138 Choriocarcinoma cells treated with cytochalasin B
(O.Olmgml) for 3 hours. The tumour cells are
attaching to fibroblasts with filopodia 3 hours after
seeding. Bar=10um.
Fig.139 After 6 hours of interaction, the tumour cells become
flattened and begin to penetrate. Bar=10um.
Figs.140.141 Choriocarcinoma cells treated with the same
drug for a longer period (6 hours). The tumour
cells are still able to invade the monolayer.
Bar=10um.

Fig.142 A fibroblast monolayer which has been treated with
Methyl Carbamate (O.Olmgml) for 3 hours, and then
tumour cells are seeded onto it. A crater is found and
the tumour cell remains spherical in shape. Bar=10um.
Fig.143 The tumour cells still remain spherical after interac¬
tion for 6 hours. Bar=10um.
Fig.144 Choriocarcinoma cells treated with Methyl Carbamate
(O.lmgml) for 3 hours and then seeded onto the
monolayer. The tumour cells are still round in shape
after 3 hours. Bar=10um.
Fig.145 The tumour cells still remain round even after seeding
for 6 hours. Bar=10um.

Fig.146 Tumour cells treated with a lower concentration of
Methyl carbamate (O.Olmgml) for 3 hours, and then
seeded onto a monolayer of fibroblasts for another 6
hours. Some tumour cells become flattened.
Bar=10um.
Fig.147 Tumour cells treated for 6 hours with the same drug.
Most of the tumour cells remain round at 3 hours after
seeding. Bar=10um.
Fig. 148 After seeding for 6 hours, a colony of tumour cells is
found. Bar=10um.



